' :*‘,
3 . ¥ e & m
AIR-TO-ATR QOMBAT MDEL -
DESCRIPTION & DEVELGPMENT - .
GENERAL  IIFORMATION T
= : % - 7‘3
. ' £
- % & uh‘ ®
- ‘
G N R
(1 . f; .
% [ @
Novempor #67 -~ 5
@ i p
. 3 .
- # .
Y

< &

Dis'ritution of thiz locmmsat is unlimdi
It may be released to the Cleeringhouse, ' ;
Depertsent of Commerce, for sals to the B> ﬂ__,- I
general public, ‘ .

PEPUTY PON DEVELOPMENT FLANNING
AERDNAUTICAL SYSTEMS DIVISION
WRIGHT-PATTERSON AFB, Q810

Fapronuced by the
CLEARINGHOUSIE
vor Federal Soenhlic A Techrical

Information Springheld vV 22151 L ﬂ' 1 g

—— = - - - - i Bl e ‘




CAYWOOD-SCHILLER, ASSOCIATES
401 North Michigan Avenue
Chicage, Illinois

60611

+ ATAC-2: Singla Search and Double Search

Terrell J. Harris
Barton J. .Jacobs
Waltar J. Strauss

/ November 1967

Contract Numbar AF33(615)-3707
Project Nurber 5101-57

prepared for

Oy Lo
Engineering daemg- (ASD)

Alr Force Systems Command
Unitad States Air Force

Wright-Patterson Air Force Basa, Ohio 45433




NOTE

This =dition of the report on ATAC-2 is organized somewhat
differently from the original edition, Volume I (Aiy-fo-Air Coubat
Model, Descripticon and Development, General Iﬁformation) of the
current edition consists of Voluxes I and II of CSA Report Number
67-10] and of CSA Report Numb;r 67-102, Volume II (Air-to=-Air Com-

' - -

bst Model, Program and Appendices, Technical Details) of the curvent

edition consists 5i Volumes I&I and IV of CSA Report Number 67-101,

r*

The Tsble of Contents aad paﬁa nunbsrs of the original edition

ars preserved here,




PREFACE

This report is published in four volumes., Volume I, Mlrl Deacription,
pressntg an overall vicw of the medel ond its two major submodels, the
ENGAGEMENT Model and DATA PROCESSING Model, Volume II, Model Development,
containg the rationale for the davelopment and discussion of detaiis,
together with the derivations of all equations, Flow charts and prosgram
listings appear in Volume III, Progrom, Volume IV, Appendices, contains

discuszions of certain rmodcl concepts in detail,
The entire report is UNCLASSIFIED,

This report superscdes the original ATAC-2 document {Ref, 11, The
many changes and modifications made in the evolutionary devclepnent of
the model, based on tho analysia of wany computer ivus, have rendered
the earlicr version outdated, The progran of the rudel 23 rerorted here

was uscd for production rurs in June, 1967,

Certain modificitions which allow either aireraft to detect iricially
are reported ceparately in thc document "Fighter Vs, Fighter Cunbats

ATAC-2 Modelt Doubla Scarch," [Ref, 2],




ABSTRACT

2>ATAC~2 13 a simulation model designed te help evaiuate fichters in
ajr~to-ailr combat, The nodel treata the one va, one dogfirht which arises
from a random aearch situation, Both aircraft ir the combat are (usuvally)
agzressive. The two principal outputs from the uodai are the probability
¢ given aircreft is killed in the fipht and the egpccted nunber of eneny
aireraft an aireraft kills cover its useful life, Cowbat is restricted to
a fixed 2ltitude, The mareuvers are dynamic in that each Jirpraft responds
to the situation at cach moment iu a duel depending on the informatiqn it

has sbout an opyonent's aetivities,

Inputs include, for each aireraft, aesareh and tracking radar eharacter~
isties, passive radar sensors, optical capability, IFF, enersy-tancuverability

data, wcapon loadings, weapon characteristies, and weapon kill probabilities,

The ratidtnale for the rodel specifiecs are presented, Flow charts and
progran listiuss are included., The nodel has been run repeatedly on an
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SICTION 1

INTRODUCTION

ATAC-2 is the lntest of a serics of models devcloped to evaluate
aircraft performance in Air~To-Air Combat, hence the acronym, ATAC-Z.
was designed principally to evaluate the outcome of a dogfight between
fighters, although it can be uscd to evaluate the outcome of a fightef
attackiug a non-mancuvering, non-firing bomber, It starts w:ith one
aircrzft detecting anothar at a random point, The aircraft that detects
is prcdetenined, This characteristic of the nodel, that only one of the
tvo eircraft is searching for the encmy, produces the title Fighter Vs,
Fightcrt Singlc Search, Once detcction occurs, the model traces through
the ensuing sequence of events by means of a deterministie, tiﬁe slice
sirulation, No Monte Carlo procecsses are invelved, After the initinl
ietecticn by one aircraft, the nodel treats the twe aircraft alike, subjcct
only to the constraints inputted for each aircraft, At any particular
monent in time, an aircraft may be flying straight, be in a turn, or be
on 2 forn of pursuit course, It may be flying at constant spced, accel=-
erating or decclerating, ELoth atrcraft (usuzlly) attempt to mancuver
thenselves inte positions to fire their weapons. The model is dyananic in
that et eny glvcen time tlie nianeuvers perforired, and the timzs at which
veapons are fired by each aircraft, dcpond on the relative position cf the
alrcraft, Further, the maneuver ond weapon firings depend vron the infor=-
netion cach alrcraft has ebout the position end activiey of the.other
ailrccraft at the tinc, Toe inforuation made available to an sircraft

deperncs ¢ the sensors smeeificd for ir,
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ATAC-2 consists of two major suBmodels: The ENGAGEMENT Model (EY)
and thec DATA PROCESSING Medel (DPM), The EM answers questions such gs:
Can either aircraft fire its weapons? If yes, when, which weapona and
how often? The EM produces & timc ordered scquence of events that occur
during a dogfight; the DPM transforms the sequcnce into overall battle

outcomes such as the probability of kill of an aircraft,

A primary objective in designing AIAC—Z was to conserve running time
so that a great many parametric variationa could be investigated with a.
reasonable amount of comﬁuter time., For this reasoa, the Li! and DPM were
designed to be run aeparately, VWhile the running tiice of the EM is not
excesBive (much less than a minute ou an IBM 7094 for a typical engagement),
1ts running time per zase is ruch longer than that of the DR, The models
are designed, thercfore, so that sone parametric varjations can be inves-
tigated by runnirg the DPM scveral times for one run of the EM. Such
parametric variations include an aireraft's maximua ccrmbat time (J.c.,
fuel constraint), an alrcraft's weapons confipuration, and the kill probab-

1litice attributecd to cach weapon type.

As e&n exanple of this parametric variation, a larpe varicty of wvicapons
might be input for am eircraft. The ENGAGEYEIT Model would produce its
tire ordercd scquence of firings of these weapons curine the dogfisht, The
DPM could be run severzl times then, varvino the set of weanons actvally
on board by ignoring certain firinzs, In order to achieve this fenture,
the EM vas desirned to ignore the effects of weapons fired, Outconcs of

weapon firings are detcrnined strietly by the DM,

The major fcatures of the rodels ore discussed in the remesinder of
Section 1, This section concludes with an cxenple of 2 run of the

model, Yore detnll:d digcussicens of Lhe 1! ond DIF fre prezented dn

-
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Volure II, Scctions 4, 5, and 6, Definitions of the symbols which appear

in each nodel are included in Section 7, . Important restrictions on inputs
to the models are presented in Section 7.3, Section 5 Includes diapgrams
vhich are intended to clarify the definitions of certain symbols end a

description of theé conventions and symbols applying to the flow charts

which appear in Volume I1I, Section 8,

i 1,1 MAJOR ASSUMPTIONS

(1) Combhat takes place between only tvo Opposiﬁg elreraft, This

is a one-~versus«one nodel,

I

;l (2) All mancuvers of both aireraft are confined to a horizontal
1

plane,
1
AE (j (3) A maximum time can be iﬁposed on the duration of an engagenent,
l% but this remains fixed regardless of the fuel consumed by an aireraft's
f acceleration. or deceleration,

(4) Whatever informetion an aircraft hes about itself or the other
egireraft is perfeet, Thus, there is no false information on vhich en

aireraft ezets, An ejircraft, hovever, may have incorplete information,

(5) An aircraft's action is not delaved by any recsction ox response
1 time, Thus, an aircraft can change 1ts course instantaneously from a

{ straipght line to a naxinum g turn,

(6) An enpagenent is initiated at the time one alreraft, decignated
: .

i "fighter," first detects the other aircraft, designated "bomber," Before
being detccted the bonmber 1s presvmed to be flying straipht znd level as

if 4t vere oblivious to the prescnee of thz fighter,

-3 - .




.t

(7) Prior to dctecting the bomber, the fighter has nc infornation
on the position, heading or specd of the bomter, This model, therefore,

reflects combat arising from a random search by the fighter,

(8) If the conditions for firing a wcapon arc satisfied the

probability of kill by that wecapon is independent of the geomctry,

(9)" There are no partial kills, A wcapon either kills or docs
not kill an aircraft, An aircraft cannot bc killed by demage compounded

over scveral wcapons,

(10) The timc delay between the firing of a weapon and when 1t

kills the target is a constent for all weapons of both aircraft,
(1i) IFF has to bec cstablished only once for each aircraft,

(12) A bomber not already aware of the presence of the fighter

will becone avare if fired upon,

1,2 EXCACEMENT Model

This model simulates a dognf ‘nht betwcen two aircraft'by exandning the
combat at fixed increments In time called "time pulses," Tinc pulses are
introduced so that the position of cach afveraft can be conputed, the
information available to ezeh aircraft can be essensed, end coch afreraft

can reaet by changing its naneuvers and epecd ead by firing 1ts vespons,

The general tzetical doctrine of the BN for cach ailrcraft is: Get
close behind the targot end stay there, Do this as reoon ¢o ponsible
without expasure to the target's firc (the target's tall gun cucented),

This assumes cnreh alreraft has short renpe wenpons with vhich to ki1l the

t-l|-




target, The deeisions eaeh aireraft may make in each moment of time arei

1) speed up, slow down, or maintain speed;
2) tum left, or right, or fly straightj
3) turn on tracking radar; |

4) fire weapon,

Both 1) and 2) are quantitative as well as qualitative and are dependent

on each other,

The EM starta with dctection, Both aircraft are aasumed to have been
flying straight before the EM bepgins, with an éngle € betveen thelr velocity
vectors, For & given pair of velocity vectors dctection of the bomber by
the fiphter can occur only if the bonber's path sweeps throuzh the deteetion
coverage of thc fighter, If this condition is not met, corbat vill not
take place, The probability that the eondition ie met 1s later calculated
in the DPid{, Fror the continuous contour of the fighter's detection coverage,
along which detection mey take place, scvcral points nre selected as starting
points for combat. These starting points are also called "prid-points,”
Starting from a prid-poini, the model ateps through the paths of the combat-
ants in time, -Certain decision rules or taetieal doctrines are built into
the logic of the model, Vhile the rodel provides some choices vhich would
2llow en nirerzft to cvade temporarily, to date cvasion has not been cxereised,
Generally speaking, the decision rules which have bLeen excreiscd refleet in

apgressive attitude for eech aircraft,

A narrative description of a possible engaperient will sexve to clarify
the !*'s operstion, The fighter searches for the bomber, At scone point in

its path, the fighter stunbles upon the bLomber, This 1s a grid-point at
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‘surprise element, The fighter sncaks around to the rear of the bomber by

which a sinulated enganenent is initiated, Immediately the fighter speeds {
up snd turns so as to get into s favorsble firing position behind the bomber,

As'long as the bomber remains unaware, the fighter tries to maintain the !

skirting the lstter's detcction covecrage, In order not to alert the bomber,

the fiphcer holds fire until it gets to a prcferred firing position, say 4,000 !
ft,, from which it can launch a lethal salvo'of weapons, Before firing,

hovever, the fighter must identify the target by mcans of IFF and turn on

its tracking radar., If the bomber bccomes sware of the fighter before the

fighter reaches the preferred firing position, the fighter realizes that the

elenent of surprise is gone and will fire its wcapons whenever possible,

Either way the fipliter continues to press the attack and strives to reach

an sdvantageous position behind the bomber, say st 600 ft,, from which it

can fire its guns or other short ranpe weapons., Given svfficient maneuver- 7
ability, the fighter turns inside the bomber and stays at constant range

and constant angle-off while firing short range weapons,

While the fighter attempts to do all this, the beuber in turn tries

to attack the fichter with similar types of maneuvers, The bomber vill

do so as soon as it becomes aware of the fighter, Thus, except for the
fsct that the fighter initially surprises the bonber, the roles of the

corbatants are identical, Fach tries to attack the cther,

The success of the attack depends upon the ability of the attacher
to fire its weapons, This depeuds on thie range, the speeds of the ecnbat-
ants, their g-lozding, the attacker's ancle off the torget, and tie hending

sngie of the attoeker relative to the turget,
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The maneuvers deseribed above eonsist of turns and ehanges of speed
consistent with the energy-maneuverability inputa for each aircraft,
Geometrically these maneuvers may consist of seissoring, splits, pursuit

courses, nmaximum g turns, ete,

The combat terminates if certain conditions are met., The model then
recycles and simulates another enranement by starting witl ernother initial
position or grid-point at which the fighter detects the bomber, Several
grid-points for a given pair of velocity veetors are located so that in
the DPM, averages of the results can be calculated to represent the out-
cones for engagement from this pair of initial velocity vegtors and the
angle ¢ , Vhen the results for all desired grid-points have becn conputed,
the model reeyelea for the ncxt desired angle € between’ the veloeity
veetors of the aireraft, Thus, the DPM can average ;ver the angles ¢

as well to eompute the probabilities of outeomes for a random engagement,

or an encouvnter between two aircraft,
1,2,1 Initiation

ATAC~2 simulates combat that arises from random search by the
fighter for the homber, Initially the aircraft are assumed to fly
straisht and. level ¢t coustant speeds at eertain relative heading ancles,
If the fichter is equipped with deteetion rader, it searches with this
only; otherwise, it eearehes optically, The nodel itself eomputes the
arbitrary but fired number of prid-points at vhich initial deteetion noy

take place. Dctcetion of the bonmber ecould not have oceurred earlier,

Althourh the bonber mirht have deleeted the fighter before reachire

the crid-point, it does not rcaet until then, This rule was Luilt into
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the nodel for purposes of simplification, It reflects the case in which

onc aircraft always surp is = the other initially. In the ATAC~2 Double Scarch

'Hbée, [Ref, 2] this restriction is removed,

1.2,2 Manceuvere

The allowed maneuvers, and thc built-in decision processes which
deternine when each should be used, constitute the sssumed tactics of

air-to-air combat and &s such are an inportant part of the model,

The basie tactic built into the ATAC-2 model {8 the attack by
means of a decreasing lag pursuit course (DEL Fursuit Course) for cach
of the corbatants, If an aircraft knows the whercabouts of the enevy but
ecannot at the roment fly this pursuit course, the aircraft usually clianges
its specd so as to maximize its turninp rate and mininize the time neccessary

to establish a pursuit course,

When an aircraft reaches the proper heading for a DEL pursuit couree,

it presces the attack,

At any given time pulse, an aircraft follows one of three nancuverss
straigh line, circle, or pursuit course., A borbter that has had no
inforration about the prescnce of the fichter flies a estrzisht line at

constant specd,

An aircraft that has lost all information about the present where-
abouts of its opponent changes its speed and turns at its beot turnlic

rate in an effort both to evade its opponent and to fing it,
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An eairerait obtains information abcut the whereabouts and maneuvers
of its opponent only by neans of the sensors, Eaeh ajreraft wnay be
equipped with any combination of the following sensorsy detection radar,
& traeking radar, an optical capability, and one of two typea of passive
radar sensors, These passive sen;&rs may or may not be capable of
rceognizing the side on which an opponent is positioned, Ey means of
the scnsors the bomber may become "aware" of the fighter's proximity,
"Aware" neans that the bomber knows that a fighter is nearby, An awarc
bonber turns into the fiphter seeking to attain a pursuit eourse if it
can diseern which way is "into," Howvever, if the bomber's awareness is
by neans of a non—directionallpassive radar reecciver, the bomber

makes 2 trctieal doetrine eountereclockwisc turn,

It is assumed that either the aetive radar or the optical capability
is sufficient to waintain a pursuit course, Vhile ~n a puriiit eourse,
an aireraft accelerates or decelerates aceording to the doctrine that
it arrive in a firing position for its shortest rerpe weapon vwhile moving
at the sune specd as the caenmy (Lf possible), and that it should get to
that firing position in minimum time, 7Thus, in gencral, the aireraft
will accelerate until it wust decelerate, If the aircrait is unable to
maintain a pursuit eourse due to p loadinp, it reverts to a turn toward

the encny and sdjusts its speed to dinprove its turning ratce,

In all of the above statements, exeept tre initiezl detection of the
borher by the fighter, the beiber and fichter are conpletaly interchonge-

able,




1,2,3 Firiue Conditions

Up to six diffcrent types of weapons may be included in an aireraft's
coﬁfiguration. (This is a program limitation, not a model restriction,)
When an aircraft is within range.of a target'and certain conditions are
meé, it may fire its weapons at a prcdetermined rate, The allowable range
interval in which a given weapon type may be fired depcnds on the geonctry
of the situation at tha particular moment, It depends on the target's
speed and g loading and on the attacker's angle off the target, In addition,
it depends on the pursuer's speed, tracking angle and g loading, These
factors together detcrminc whether &' launched wcapon cen hit the target,
It is assumcd that the conditions at time of launch (or firing) are sufficient
to dcterninc an intcrcept (or hit), The time of flight of the wcapon is
introduced in the DPl, The cffeet of the weapons én the target is super=-
imposed on the combat in the DI'M, This detcrmination is deferrved so that
conputer running time ¢can be saved, Different coabinations of wcapons
carried and different kill probabilities can bec superimposed in the DFP on
the samc basic engagenents without rcrunning the simJlation pert (BI) of

ATAC-2,

Firing occurs only zafter the attacker has established IFF by having

had thc target within IFF range and angular liunitations,

The launch conditions miay be diffcrent for each wcapon, Thus, for
example, the model can treat aireraft armed with Sparrow and Sidevinder

nissiles as well as guns,

The aircraft docs not have to be on e pursult couvrse te firep snop
shooting is allowcd,

- 10 -




e

g

T P W

1.2,4 Terminzation
An engaperent cnds vhen any of the following eonditions obtain:

(1) the aireraft are within a minioum range of each other;
(2) the maximum combat time 15 exceeded;
(3) neither aireraft has information about the othér, and an
input amount of time has passed,
The mininum range in eondition (1) ean be input to zero. Condition (2)
is put in to prevent the model from eycling through an endless loop, ar
for example, if two identieal aircraft are circling about each other at

identieal speeds,

By “engagencnt" 1s neant the comhat between twe aircraft, starting
with the deteetion of one by the other, continuing through the maneuvers
and firings of weapons and terminating under the above conditions, Thus

each sirulation beginning with one grid-point for one € is an “enragement".

1,3 DATA PROCESUING liodel

The DFil 48 concerned with caleulating the various conditicnal kill
probabilities of interest, It uses the data preduced by the Ef which is already
ordercd by time for ezeh en;apement, The time-sequeneed data of eaeh
engascment can be considered os a history of the combat between two
aireraft. The DPI evercges over many histories from many envaserents,
f.¢4y fron nony frid-points and rany initial relative heading anples €,
to obtain thc probabilitics of kill of the gneouater, 1t can usc one run
of the E:f many tircs by varying the input Pp's , (probabilities of kill)
or the type veapen., or the ecwmtbat tine avallable to eaech aireraft, 1t

is for this recson that it was developed 23 a seperate entity fron the B,

- 11 -
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Fach rua of the DIFX uses the results of one run of the TM, A run {
calculates the results for cne specified pair of aircraft with specificd
initial speeds, weapons, cte,, but for a whole set of grid-points and hcading

angles € , {

The DIi{ uses the time each weapon is fired., It assumes the Py
of a weapon 1is indeperdent of the partieular circumstances under whiéh it
is launched, such as range and engle, If this acsunption 1= not a pood
one, tlien launch conditions which give rise to vastly different PK's
should be trecated &s though assoclated with a differcent vicapon type in

inputting the i,

Many of the outputs of the DPX zre in e forn rcquired as inputs to
the AIP~SU~5 Model of A¥GOA for forcc evaluation,
1,4 INPUTS

The inputs to the model involve alrcraft cheracteristics, sensor
properties, aud weapon parascters, Other quantities vhich must be input
are clessified as miscellancous, This class includes quantitics which

govern the initial and terminal corditions of siiulaterd enpaneaents,

1.4.1 Adrcraft Chavrcteristics

An alrcraft is specificd for the I by values inputtced for the

following perfornance characteristics and conditionss

(1) 1init'al spced,

(2) miudnea epced,

(3) naxirmun spond,

(4) enerpy-mancuverabilitys specific pover as a function of
speed and 5:'s,
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(5, a constant factor for deceleration, sside from (4),

(€) maximu. susteined g's which can be pulled in a constant
specd turn as a function of spomed, (related to (4)), and

(?) maxinum g's 2 pilot can withstand,

An available combat time for cach aircraft muat be specified for operation

of the DPM,

The designations of the combatants aa fighter and bomber are used
atrictly for convenlence in describing the operation of ATAC-2, They
are not intended to imply any restrictions about the type of aircraft
vhich can occupy the roles of either combatent, The user is at cormplete
liberty to specify the type of aircraft for the role of fighter or bomber
and can, if he wishes, 1ﬁterchange the roles of aircraft types in successive

runs of ATAC-2,
l.4.,2 Sensors
ATAC-2 gllows five sensors to be included in an aircraft's configfuration:

(1) detection rader,

(2) tracking rader,

(3) Irr,

(4) passive radar receiver, and

(5) optical,

The coverane patterns of all sensors are assumed to be sectors of
circles, A renze and half-anple wust be specified for cach senser to be
included In an aircraft's configuration, The rarce of any of the five
possible scensors vhich zre not to be included nust be set to zero, All
holf-angles are neasured with recpect to the nose of an-aircraft except

the half-anple of passive ecquipment vhich is measured with respect to

an airerafe's tail,
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In addition to range and half-angle, the type of passive radar
receiver to be included in an aircraft's configuration must be specified,

ATAC-2 considers two classifications of passive equipment:

(1) a type vith side discrimination, and

(2) one without side discrinmination,

Passive equipment with side discrinination is canahle of distinguishing

the side, left or right, from vhich en attacker is approaching,

In ATAC-2, a prerequisite for passive detection to occur is that the
detecting aircraft must be illuminated by the other combatant's trackine
radar, Illuaination by detection radar is not considered sufficient
for passive detection because it is presumed to invelve an unacceptably

high false alarm rate,

The coverape specificd for tracking radar cquipnent should be
included within the coverase of an aircraft's detection radar, If this
restriction is not observed, an aircraft may be prevented from firing
vhen it logically should be able to, since in the model the tracking

radar is insufficleat to cause firing.

ATAC-2 allovs a veapon to be fired only if a target sircraft is, or
was, at least once, positioned within an attacker's 1FF coverare, Thus,
sornic ITF coverase nust be specified for an adircraft if the user wiches to

allow the eircraft to fire its vcapons,

The active detection capability of an aircraft desipnated the fichter
serves & spceial function in Initiating simulated ennanerents, The Fouher

occupies & position on thr porincter of the fisnheer's netive detection
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pattern at the beginuing of each enragement, The active deteetion
capability used for this function is that of the fiphter's detection rader,
if the fighter has detection radarj otherwise, the fighter's optical

capability i1s used,
1,4.3 Yeavons

Un to six weapon types may be included iq cach aireraft's configuration.
For each weapon type, launch envelopea or firing tablea must be provided
vhich nay be sensitive to a target's speed and turning rate and the
attacker's angle off the target aireraft's tail, Thcse tables specify
mininum and maximum ranges within which an attacker may suceesafully fire
a weapon of a given type. Further inputs arc the maximumqallowable tracking
angles and g linitations which must be satisfied for en attacker to fire
ecach of his weapons, For the DPlf, the probability of kill given a weapon
ia fired must be provided for each weapon type, If weapons of a given type
are to be fired in salvos, the probabilitics of kill input should be for a
eaalvo, A salvo is treated as ne wcapoen firing, The minimum time between
auccessive firinpgs of a given type weapon is an input for eaeh type, The
EM provides most of the inputs nceded by the DPM, If desirecd, the DP
utilizea only a subset of the weapons earried by the aireraft in the duel
in the I, Each weapon in all such subsets to be tonsidered must be
specified in the inputs for thc DI'M, The E{ prints out the eonditions

under wvhieh each weapon was fired,

1,4.4 Miscellencous

The niscellaneous category of inputs rcfers to control paremcters
vhich rovern the operation of the ATAC-2 computer prograr. ‘ib=2 qprincipal

inputs in this catejory ares
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1)

(2)

(3)

(4)

4t , the lensth of a time pulse, The EM evaluates enpagements
between two alrcraft at successive intervals of time ealled

time pulsea, Aircraft are moved relative to cach other, veapon
firing conditions are exanincd and decisiorns about the next
aireraft mﬁneuvers to be exccuted are made 1n.each time pulse,
The acecuraey of thé outputs of the nodel as well as the coﬁputér
time required for the execution of engagoments depends upon

tha velue assigned to At ,

The maximun time for an engagenent, An enpagerent is terminated
under & nunber of conditions, One of these is the expiration of
the maximun simulated time allowed for an engagenent, The value
of this input should be a rcflection of the eombat tine and,
thercfore, the fuel supply and fuel eonsunption rate of the

aireraft beins considered,

Minimun range betveen aircreaft, Another conditicn for ternmin-~
ating an engapenent is the range betveen the two airercft
beconing less than a specified minimum, This parsnecter nay

be set to zero, thus eliminuting the condition,

4c , the croseing ansle Incremcnt. ATAC-2 provides for consider-
ation of & serdics of Initizl relotive headings of the two corbot-
ants for a piven run of the emaputer propran, The relative
hecding at the besinnine of cach engarcqient is eiven by €

the ancle betueen the fighter and bomber initiel vclocity vectors,
The progran vill eorzider o nct of €'s wuniforil: cpaced by thz

inercrent de , Yor details, see Vol 17,
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(5) The number of points, called grid-points, on the perimeter of
the fighter's active detection pattern at which the bomber will
be initially positioned for a series of engagements for each € ,
The nunber of grid-points, together with the nunber of e€'s which
is determined by Ac , affcet the reliability of the kill probab-

flities wvhich result from the averaging processes used by the DPM,

(6) A choice of cvasion options, Under scveral copditions, such as
running out of ermunition, or having inferior relntive turning
ability coupled with a disa&vantageous position, an alreraft may

: try to evade its opponent, Howevcr,.to date, these options have

not been exercised,

ey

1,5 Qutput of EXGAGRMEXNT Model

[ .
'l One run of the E!M is executed for two spezifie aireraft with input
i .

initial speeds, weapons, ete, A run ineludes many enpapgenents by looping

e

through scveral grid-points for each ¢ and several e's ., Typlecally
*i one run of 50 engagerients (5 e's , each with 10 grid-points), corresponding

to 5 minutes of combat time each, takes 10 ninutes on an IBM 7094, Thus,

) each engazerment runs in about one-tventy-fifth of real tine,

As an optional output for each engagenent, the progran prints the
*; inertial coordinates of the position of each aireralt at rejular intervals
1 of time., This allows one to trace the time-linked paths of the alrcraft

in spaee,

S Regular outputs for ench cnragewent aret
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(1) TFor each weapon tyre of cach aircraft, the times at which that
aircraft launches those weapons {if at all), the ranpe and
relative angler at launch end the cwmulative time during which
the launch eonditjons for that weapon type are met, The amount
of ammunition fired is thus directly considered, Iy a weapon
"laungh" is nurnt the firing of a weapon when the regulred launch

eonditions obtain,
(2) The time at which the bomber beeo es aware of the fighter,
(3) The total time of the enganement,
(4) The relative angle € and the grid-peint of the engar~ment,

Regular outputs for each run include the necessary ddentification information,

1,6 Outout of the DATA PRCCESSING Model

Most of the cutputs of the DI'J arc probabilities, Those probabilities
are penerated by first calculatiﬁ; the correspondine probabilities for
each engagenent, 1,e,, for each grid-joint of a piven ¢ , then averaging
over the grid-points and finally over the e€'s . The probebilitics of
ki1l for an engajement are ceorputed by restricting cowbat to the available

corbat tire of the ajrcraft,

Typically, onc run of the DPM, corresponding te one run of the Y,

ta¥es about 10 sczconds on the 7094,

Most of the probabilities coupute? arc corditicnn] prebnbilitics, This
neans that the events for vhich the probabilitics are cornuted densnd on

other events cecuvrdns, Over ¢ 11, it 3= wnoted ting tho 100 20t cvents
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to those in vhieh the fighter deteets the bomber, To reriove this eondition,
the DPM must evaluate the probability of the event that the bomber is

deteeted,

Given dctgetion by the fighter, the bomber may or may not be aware pf
this detcetion, "Aware" means that at some time during an engagement tﬁe
bomber deteets the fighter; "unaware” means that the bomber never deteets
the fighter during a given engapement, Another eonditional output eomputed
is the probability of the event that the bomber is killed given it is
deteeted and i1s unavare, The DP uses sueh output to f£ind the joint
probability of kill and unawareness, by cvaluating the probability that
the bomber is unawvare given it is deteeted, The eomplementary eondition is
sonetines imposed and outputted: that the bomber is aware, The DPM
outputs the probability of the event that the bomber is killed given that
the bonber is detected and is aware, Similarly, the DI outputs the probability
that the fighter is killed given that the bomber is deteeted and is aware,
A further condition on the events for whieh probabilities are ealculated is
that a given aireruft does not fire, Onc ecorresronding output ia the
probability of the event that the bomber is killed given it is detected,

avare and docs not fire,

In general, when eonditional protabilities are ealeulated, the
probability of the eonditions themselves nust he evaluated to detemine

the unconditional probabilities,

Another set of outputs shows the espected number of targets an aireraft
kills over its uscful 1ife, This 1s a measure of effectiveness of an
aireraft, It tales into account both its abjlity to kill a tarpet and its
ability to survive on eacountexr with an eneny.
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1.7 An Example of an ATAC-2 Run

A tool of unquestionable value in the dcvelopment and understanding of
the ATAC-2 Model is the plot of the coordinates of the combatants as a
function of time, In Figure 1,7-1 a (parcial) plot of an actuzl ATAC-2
run is shown, The time (in seconds) associated with the points along
each curve'ii shown; the bomber's time is shown to the right of each
marked point on its path, and the fighter's time is shown to the left of

the corrcsponding point on the fighter's path,

In this figure the aircraft were initielly about 4,000 ft, apart when
the fighter detected the bonber, The bomber was initially flyine at 750 ft/sec,
snd the fighter at 950 ft/sec, Immcdiately the borber becanmc avare of the
fighter -end turned hard left to acquire it, The fighter turned lcft to try
to maintain the pursuit course. In so doing the fighter crossed the bomber's
path, yet still rémained behind it 2nd did not lose the advantage, However,
due to this crossing, or "overshoot," the bomber started to turn the other
way, causing rore overshooting of the fighter and producing a series of
scissoring maneuvers by the two aircraft (times 11 to 29), Eventually the
bomber, with its inferior position and inferior maneuverability, fell into
a situation in which all it could do was to remain on a rmaxirum g turn
at its best turning rate, only to find the fightér could out turn it and

maintein a position behind the bomber,

Although merely one example of the results cbtainable from ATAC-2,
this figurc shows some interesting aspects of tie nodel, For exanple, the
bomber was able to know which side the fighter was on even vhen the fighter
vas in the bomber's rear. This is because the fighter's trackirg radar vas
illuminating the pessive sensors of the bomber, gpivinz the bormher the henise

phere of thc source and hence the dircction in which to turn, However,
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later on (between points 23 to 29) the bomber lost this information due to
a high anpgle-off of the fipghter, and turned steadily away from the fighter,
This in fact was its undoing. Also, throughout this example each aircraft
varied its speed. Since the ability to pull g's is a function of speed,
the g's pulled varied also. This is evidenced by the varying radii of

curvature throughout the paths,

The outcome of this engagement depended on the weapon loadings of

‘the aircraft, which could be varifed in the DPM, but the fighter in any

event would likely kill the bomber with high probability, since it

consistently held good firing positions,
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SECTION 2

MODEL CHARACTERISTICS AND ASSUMPTIONS

A cheeklist of the model characteristics and assumptions is prcscnted

here for the readcr to scan, in order to emphasize just what the model is

and does,

1,
2,
3.
4,

5.

6.

10,

11,

12,

ATAC=2 is a computer simulation,
One aircraft versus one aircraft only,
All action is on a horizontal plane,

ATAC-2 is separated into the ENGAGEMENT Model (EM) and the
DATA PROCESSING Model (DPM), The EM is the actual simulation,

Lethal effects of weapons are treated in the DPM but ignored
in the B, in which the two aircraft continue to fly.

The DPit uses an iterative procedure to calcul=te kill probabilities
from the EM,

Basic tactics are built into the model; except for certain
evasion Jptions, inputs affect only details of tactics,

The aircraft designated F always detects the aircraft
deeipgnated B first,

The position of B , before F detects, is 2 uniformly

distributed random variable over an area,

Bascd or 9,, the DP{ computes kill probabilities indeperdc-—t
of the position when detection occurred,

No ilonte Carlo processcs are usged,

The f£iral output of the model is, for each aireraft, the numbher
of cneny aircraft killed over an aircraft's useful 1life, This
neasure corbines an aircraft's ability to 1:ill the eneny with
the measure of its own survivability,




SECTIOR 3

POINTS OF EMPHASIS IN ATAC-2

As ATAC-2 developed certain w.veas were felt to merit more deteil than
others, A short surmary of these points of emphasis is presented for
introduction to the model discussion, They will be developed as needed in

Section 4,

Above all, the model looks at tactical maneuvers more closely than
at such considerations as weaponry, avionics, or overall rission success,

In particular, acpressive maneuvers, as opposed to evasive, are considered

in detail, The basic agpressive mancuver is the decreasine lar pursuit

course (DEL Course), vhereby a pursuer attcmpts to swing behind its target

while pointing behind the target, One advantage of this course is that
the pursuer quickly estaBlishcs a position vell to the rear of the target,
thus possibly obtaining an element of surorise, This surprisc element
wvill be considered in some detail in the model, For cxample, the pursuer

will avoid alerting the target by not firine until within a rance R* ,

Once the aircraft are close to each other, a major concept is the
steady stete, A pursuer attempts to maneuver so that the target is help-
less if the target atterpts to convert on the pursuer. In steady state,
even while the target turns, the pursuer can turn at the same ratc and

stay behind the target,

This steady state is useful only at ¢ good firing range, The

pursuer tries to achieve the steady state at an ideal firine ranne R* ,

The ahility to maneuver is based on linear acceleratien and turning

rate canabilitv, This is defined by the spceifie perer of an aircraft at
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a given power settinz, The specific power function describes the trade-offs
between ;ccelerating and turning., Decisions must be made concerning these
tride—offs. Although for a given velocity the turning rate determines

the number of g's an aircraft pulla, and vice-versa, there is a subtle
difference between naking the decisions based on turning rate and based on

g's. Jurning rate is thoupht to merit more attention than f's, In particular,

the optimal point in the trade-off between acceleration and turning rate

frequently is the point at which the largest sustained thrning rate is
gchieved,

The doctrine concerning speed in the model is that an aircraft should

speed up as nuch as possible until it must slow down in order to reach a

preferred firing position as fast as possible, A function S$(V') is
defined in the model to approximate the point where an aircraft must switch

from acceleration to deceleration,

The ability to fire weapons plays the second most important role in
the model, The major criterion for a weapon firing is that the launching
aircrcft be inside & ''veapon envelope" surrounding the target, This
envelope varies with the individual weapon, the target's velocity and
maneuver, Some aspects of the envelope are input, others calculated

dynanically,

Many other criteria are introduced in the model for weapon firings,
and other considerations are put forward for tactical decisicns. But the

above underlined points pervade the model and are most basi~ to it,
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SECTION 4

ENGAGEMENT MODEL DEVELOPMENT

4,1 Introduction

Consider two aircraft, each of which flies straight and level, One
is a fighter searching for enemy bombers, The other is a bomber unaware
of an impending air-to-air encounter. If the fighter detects the bomber,
it engages the bomber in a duel, Either aircraft nay then be shot dowm,
The ENGAGEMENT Model mathematically formulates the search and the ensuing

engagement,

The engagement ecan be broken down into ségmenta, each of which c¢an be
described mathematically, For example, one can modelize the conditions
for firing a weapon by an "envelope" which surrounds the target aircraft,
One can then decide if a pursuer is inside this envelope, If so, and if
certain other conditions are met, it fires; otherwise it does not (or at

least it fails to hit the target),

Similarly, if the pursuer flies a pure pursuit course, which means it
always points at ths target, then one can describe the position of the
two aircraft after, say, 10 seconds. Severe restrictions, however, must
be placed on the target's course (constant speed and direction) and the
pursuer's speed (constant), But targsts do turn; to deny this would bias
the model heavily to the pursuer's gain. So one must allow the target to
turn, On similar grounds the aircraft must be allowed to accelerate, Each
of the concepts of direction and speed change can be cast into a mathematical
form. But it is hopeless to combine these expressions with all the other

necessary equations in order to obtain a unified analytical expression which
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reflects air=to-air combat. An approach using simulation is essential,

The simulation unifies these mathematical descriptions by incrementing

time in discrete jumps (typically }I& second is small enough for acruracy).
At each time pulse, decisicns can be mads about accsleration, weapon firings,
stc, The rules of decision are inflexible during the engagement, but each
dscision is made on a croas-that-bridge-when=it=comss basis, This allows
greater flexibility in tha model, New decision rulaa and naw concepts can
readily be added, For example, if additiocnal requirements wera necsssary
for weapon firing, these could ba inserted and interrogated before firing.,

In a closed form mathematical model this would not be easy,

The flow of ATAC=2 is shown by Figurs 4,l-1; the tima simulation ia
step three, This phase contains the actual engagement, Step two describes
the fighter's search and eventual detection, The idea of the model flow is
that for one input-set a number of éngagements will be simulated, The
difference between each engagement will be only tha positions of the aircraft
at 1n1tiation, defined aa the point at which the fighter detects the bomber,
Tha tactical rules and weapon loadings will be identical, Nevertheless,

different atarting points can lead to vastly different results,

4.,1,1 Layout of Development

The model discussion centers attention first on the search of the
fighter, which lsads to possible positions where detectiocn of the bomber
occurs. Once the engagement beging, the first consideration is mechanicalj
a coordinate system must.be set up, important geometric aspects considered,
and basic equations derived describing the movement of the aircraft, From
there the giscussion proceeds to the heart of the model: the conditions for

firing weapons, and the tactical decision rules, The former must be discussed
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INPUTS

|

3

ID: Generate grid of possible initial
positions from which aircraft designated
F  can first detect aircraft designated
B

]

ENGAGEMENT: For each initial position
simulate subsequent combat,

1

PK: Calculate kill probabilities of

each aircraft for each engagement,
Combine these probabilities to arrive

at Py unconditional on initial position,

Figure 4.1-1 ATAC-2 MASTER FLOW




first as they give rise to the latter. In psrticular, requirements of
werpons, along with other considerations, lead to the course taken by a

pursuer in closing in on its target,

After describing this course, attention turns to the method by
which the aircraft achieves this course, The aircrsft chsnges its
| acceleration and turning rate constantly, and the mathematical description
of this change is formulated, There are many restrictions on accelerstion
and turning, snd decision rules are developed to take care of cases in

vhich the pilot cannot achieve the doctrine course,

Finelly Section 4,7 discusses tactics in more detail. For example,
once the pursuer is close in on the target's tail, what does it do? (It
must be emphasized that ATAC-2 postpones the question of aircraft kill
until the DPM is exercised, In the ENGAGEMENT Model, the attack must

proceed after weapon firings,)

Other points covered by Section 4,7 include tha tactics of an aircraft
when its radar or optical information is inadequate to follow the doctrine
pursuit course, Also, an evasion option, as opposed to attack, is offered

the aircraft,

4.1,2 Symbols

A list of all symbols is given in Section 7 of this volume. Symbols
are consistent throughout, However, ths evelutionary development of
ATAC-2 resulted in certain unfortunate notations, The reader is cautioned
not to associate a variable in simple form with one in subscripted form,
For exemple, 5 , S; , S;(x) , S(x, y) can esch be a distinct variable

with no relation to the others, Further, although rarely occurring, it can

0-7-
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happen that the same variabla is used in different routines for different

purposes, This cannot happen within the same routine, however,

4,1,3 Coordinate Systems

In both stsps 2 and 3 of Figure &4,1-1, the aircraft are assumed to fly

in tha same horizontal plane, This is not "realism,"

of course, but the
ability to climb will be reflected in horizontal acceleration and turning.

A two dimensional scheme reduces complexity, and thus increases understanding
of tha model. For the two dinmensions a rectangular (x, y) coordinate system
is superimposed over the space the aircraft cover, (x, y) describes the
positions of the aircraft, Tha time derivatives % and ; of each
aircraft describe the valoecities., This (x, y) coordinate system is

introduced at tha beginning of an engagement and remains fixed with respect

to the ground; both aircraft change their (x, y) coordinates in time.

Two other dimensional systems are used, To describe the search phase,
a moving réctangular coordinate gystem centered at the fighter is convenient,
referred to as (X, Y), Then, during the engagement, the main concerns of
tactics and weapon firings dictate a moving coordinate system in addition
to (x, y)« These relative coordinates are not rectangular but are defined
by the range between the alrcraft and relevant angles. Both aircraft take

into consideration the relative geometry in their tactics,

Appendix B, Geometriec Considerations, discusses some interesting

aspects of the coordinate systems,




4,2 Search

Significantly, the time simulation begins at the meeting of tha
aircraft. To evaluate the search phase, rather than fly the aircraft
until tha fighter detects the bomber, it ie usaful to consider what the

model requires from the search phase.

First it requires & point of detection:l The position of both aircraft
at tha tima the bomber enters the detection coverage region of the fighter,
The positions previous to this are of no consequence, Second, it requires
a probability: How likely is this position given detection occurs? The
model will exercise the engagement simulation a number of times for different
detection positions, in order to arrive at results independent of the directions
the two aircraft flew prior to the engagement, Probabilities ara needed to
combine the results of the individual engagements, The search problem,
then, is reduced to one point in time, the timé at which detection occurs;
thus no simulation is necessary, To analyze the search, conaider the
fighter's detection equipmant, It is either radar or optical, Assume
that if the aircraft has radar, it is used exclusively. Once detection
occurs, however, the fighter will use both for continued use, With either
means of detection, the area of coverage is described by a circular sector
(actually a cone reduced to two dimensions), Figure 4,2-1 shows a typical
radar pattern; 4,2-2 an optical, Normally, active radar is limited to the
front hemisphere, while optical sighting allows the pilot to look behind,
ag in the diagram. In any case the fighter may always detect directly in
front, out to a maximum range r , and on either side through an angle »p .

Along the sides of the detection pattern it can also detect out to r ,
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Figure 4,2-2 Typical Optical Pattern
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The bomber is assumed to possess similar detection egquipment, usually
with a different range and angular limit, However, if the bomber detects
the fighter before the fighter detects, the bomber will ignore it and fly
straight until it sees the fighter maneuver., The bomber prefers to avoid

encounter, and the fighter possibly will not detect,

The bomber and the fighter'fly linearly ‘during the search, The
fighter's detection pattern noves along with the fighter, To detsrmine
whether the bomber crosses this pattern, the fighter is "fixed"; that is,
an (X, Y) coordinate system is established which moves with the fighter,
and the bomber's change in coordinates will represent the change in relative
position due to the motion of both aircraft, Figure 4,2-3 shows the fighter,
its detection pattern, and several possible bomber fositions. Note that
the arrows showing the relative bomber velocity v are not the velocities
as a pround observer sees them; since the fighter is fixed, not the ground,
the arrows describe the bomber velocity relative to the fighter -=- how the
fighter would see the bomber if it were inside its detection pattern. Thus,
the angle between the two alrcraft headings is not the angle between QF
and 3* . However, a simple relationship exists here az shown in Figure
§,2=-3, The vector sum of the fighter velocity and the relative bomber velocity

is the true bomber velocity,

Ancther point to note abosut v  is that by reversing the direction
-
of the arrow, the bomber can be considered fixed, and V* will reprasent

the relative motion of the fighter,

Figure 4,.2-3 shows the difficulty of handling some arbitrary bomber
v..locities, The bombers labeled @ and @ will eventually be detected,

but (:) and (:) will not, (:) has already been detected,




Position Diagram
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Figure 4.2-3 Boubers in Random Dircctions
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The geometry of each case 1s somewhat different, However, a uniform
criterion arises if, as in Figure 4,2-4, the course of the bomber relative
to the fighter is restricted to one direction. If relative to the fighter,
. the bomber flies within the segment Y* it will be detected; otherwise not,
If the fighter searches for time t , then relative to the bomber it moves
a distance V*t , The detection pattern relative to the bomber sweeps out
an area (V*t)Y* , If the total area of possible positions for the bomber

is known, then the prob-bLility of detection PD is found by

VAY*¢
Total Area

More generally, for & given ¢ , which is the angle between the bomber and
+ - )
fighter velocities Vp and Vg » 8ssuming a constant total ares and search

time,
-+ -+
Py = Pp(Vp s Vg €, P, 1),

A more complete development is given in Appendix A,

The problem with tackling the general case of Figure 4,2-3 is now
evident, Y* will change with ¢ , Note that from Figure 4,2-5, if the
fighter flies very fast, a tradeoff may occur, It covers more distance

(V*¥t) but Y* shrinks,
Figufe 4,2-6 shows the separation of the search problem into

1. picking an € , and

2, considering possible detecting positions for the €,
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g GRID: Set up grid of "¢'s," the
angle between the two velocity vectors

of the aircraft,

GRID FOR GIVEN e: For each € , consider
the fighter's detection geometry. Togecher
they give rise to a set of possible points
where the bomber could first come into view,

' Set up a grid of these points,

OuT

Figure 4.,2-6 Search Flow
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From Figure 4,2-7 Y* is obtained. For convenience, in the

cqustions which determine the initial positions, the (X, Y) coordinste
system is rotated so that the relative velocity vector V* ig psrsllel

to the X-axis. The fighter is fixed., Now all that remains is to select a

Y value, say Y, , between Y ; and Y .., which gives rise to a

g
particular point of detection, Figure 4,2~7 is the normal case: The
fighter initially sees the bomber from the ffont. Figure 4,2:-3 shous a
case in which the bomber is faster and comes from behind, In Figurc 4,2~9

the situstion is similar, but now the detection psttern allows the fighter's

detection from the rear,

Figure 4,2-10 describes the flow of this model in a more procedural
manner, In psrticular, it shows that YB and Yc' must be evaluated, the
limite which separate the paths on which detection occurs at fill range

from paths on which detection occurs from the side (note Figure 4,2-9),

The model, then, considers a representative set of ¢ , and for each
€ a represcntativc set of Y along Y* , and simulates the engsgement
from that point, The likelihood of esch engagement can be evaluated, as

was shown, ind probsbilities unconditional on € are thus obtsined,

4,3 Enpagement GCeometry

During an cngagement, tactics are determined by certsin geometric
rclstions between the aircraft, The relevant geometry is shown in
Figure 4,3~1. In the remainder of the discussion, the subscripts B and

F will sometimes be dropped when the discussion applies to either,

The sngle a between the velocity vector of the attacker and the

linc of sight is referred to as the tracking annle. The angle ¢ between

- 16 -
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Given € , Determine the Direction
of the Velocity of B,
Relative to the F

Consider This Relative Velocity Vector to
Generate a "Y axis": Possible Y's Along
Which the 3B Flies Relative to

a "Fixed" F

Evaluate (Yyqy, YHAX)' The

Segnent Across Which
Detcction Will Occur

Set Up Grid of Y's Across the Length
(e Yyay)e At Each Grid Point, the

Intersection of the Reclestive B Velocity
Vector With Detection Pattcrn of F Will
be Starting Povition for Simulation

Detection Pattern is Range and Angle
Limited, Evaluate Y, and Y., vhere clock~
wvise from Yc,B Comes Onto the Radar From
' the Side, and clockwise from Y, it comes
in From Full Range

l

ouT
Figure 4,2-10 Crid for Given ¢
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INERTIAL REFERENCE LINE (IRL)
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(Positive Direction
for Angles is Counter-
clockwise) \\‘

Figure 4,3=1 Defining Relative Positions
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the negative of the target’s velocity vector and the line of sight :s
referred to as the angle-off. These variables are subscripted B or F ,

as they relate to the bomber or the fighter, The angles are related by

loag | = =] ¢ | (4,3-1)

I “1? l - - l ¢B l (403-2)

The angles o and ¢ , along with the range R and speeds Vg and Vg
are all that would be needed to describe the relativé geometry if the
bomber flew straight, In that case, the line of sight would turn precisely
with ¢F + With both aircraft mancuvering, however, the turning rate of
the line of signt, 5 » changes with aF + éB - $3'+ EF y where éB is

the turning rate of the bomber, To keep track cf B an tnertial reference
line is needed, the x-axie being as good as any; the direction of this

line i3 arbitrary, as the values B and © are not essential for the
tactice of the aircraft, only é and é + Knowledge of these various
parameters ig dependent on sensor information, In fact, the sensors are

assumed to be perfect,

Although both aircraft will change their velocities V &and turning
rate é as they {ly, the instantancous effect of their V and B on
the position variazbles o« , ¢ , R, 6 can be evaluated, The procedure

ie given in the next section,

4,3.1 Equations of Motion

Let a borber B and a fighter F {ly w'th speeds Vg and Ve
respectively, Define the immer line of sight (LOS) as that portion of the

LOS that is betwecn the aircraft and the outer LO5S as the vremalning portions,

- 20 -




Define ay to be that angle measured from the inner LOS to the heading of
aircraft 1 and the angle ¢; as that angle measured from the outer LOS

to the heading of aircraft j , i, J=ForB, 1 and jJ distinct, Also
define B, as tha angle between the heading of aircraft 1 and the inertial
reference lina (IRL) measured as shown in Figure 4.3-1, All anples ara
positive if measured in a counterclockwisa direction and negative otherwise,

Thus, in the Figure g ¢F y B BF y 8 ;re all positive while o

B? B

. and ¢B are negative,

Let a dot + indicate the derivative with respect to tima, Then

R is the rate of change of range between the two aircraft, & the turning
rate of the LOS, &F tha turning rate of the tracking angle of the fighter

and ¢F the turning rate of tha fighter's angle'off the bomber, With

these definitions in mind, the four equations of relative motion are

R = VB cos ¢F - VF cos o (4.3,1-1)
R6 = Vpsin o = Vp sin ¢ (4.3.1-2)
ap = o - EF (4.3,1-3)
¢p = b= By (4.3.1-4)

The cquations are derived in Appendix B,

These equations together with (4,3-1) and (4,3-2) are numerically
integrated in the sinulation by assuming that for one time pulse 4t ,

L]
the V and B are held constant, Letting 4t = dt , we have:

R(t + at) = R(t) + ﬁbt ; similarly for ay a0 By oa @y

.
T PPy
gk i andlf -




The functional notation R(t + At) means the value of R at the time
t + At 1n the simulation, Similar notation for other variables will
subsequently be used, For the tactical and weapon firing decisions to be
made by each pilot, the relative coo?dinates R, € 0 ¢i are used rather
than the inertial coordinates Xyo0 Yy o0 Nevertheless, for an analyst to
review an engagement, a plot of the relative coordinates (R, ¢) may not be

so enlightening ss an inertial coordinate (x, y) plot. As 8, 18 known

B
Figure 4,3-2 gives the values of ;B and §B for the bomber immediately:

Xp = - VB cos BB

[] (&.3.1"5)
g " Vg 8in BB

As before, xB(t + At) = iB(t) + bit « Similarly for yB(t + 4t) . Thus

the new (xp , yB) position of the bombur is obtained,

To find the new position of the fighter, equations (4,3,1=5) sub=
scripted with F instead of B are valid, However, in order that the
relative geometry be as exact as possible, the fighter's coordinates are

1
derived from the bomber's (see Figure 4.3-3)§ )

Xp = gt R cos (¢F+BB)

(4|301-6)
Yp ™ Yg = R sin (¢’F + BB)

1) Figure 4.3-2 and Figure 4,3-3 are quite different conceptually, Note
the meaning of the hypotenuse in each case,
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Figure 4,3=2Z Establishing Inertial Position of Bomber
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It i3 then necessary to increment the velocity. Let &y be the acceler=

ation of aircraft 1 at tiwe t . Then

Vi(t + At) = vitt) + a; At A

Thia completes the usual procadure for mathemgtically evaluating tha
motion of tha aircraft., An alternstive approach ia sometimes usad and

is dascribed below,

4,3,2 Equstions viogsa In

1f the two aircraft cross tach other's path at close range, the line

of sight turna rapidly. The ususl lincar in:tegration of the equations of

motion form a bsd approximation in this casaj although for an i.stant the line

of eight msy turn at, say 1440° per second, this does not hold trus for
80 long as tha 1/4 second discrets jump of the simulation, but only for tha
instsnt of tims the aircraft crosss The usual approximation would alter

the line of sight by

O(t + At) = O(t) + 0At = O(t) + 360° .

The aircraft in tha model would perform a loop=~the~loop., To aveid this
problem the (x, y) coordinates ara updated directly without using equations
(4,3.1-1) through (4.3.,1-4), Knowing the bomber's turning rate E s BN
updatsd P 4is found, and x and y are found as bsfora (equation 4,3.1-5),

Now tha rclativa variables are found from (see Figure 4,3-3)

R = {(xn - ,'p)z + (,r - 73)2 (]
yn - ,‘F
Xp = %p

- 75 -
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This procedure is not used universelly, es it is more important to be faithful

to the relative gzometry of the aircraft then the (x, y) coordinate system,

4.4 Yeepon Firinp

The procedure for the simulation then, ie to select the acce:eretion
(a) and turning rete (é) perametere (which are, to an extent, under the
control of the pilot) and run these values through the equetions of motion,
and thus arrive at a new poaition, In order to consider the pilot'a
capability to set thesa a and é valuen, and the releted question of
whqt tha tactical doctrine is vhen a choice is available, 1% is necessery
to see what are desirable positions in combat, These ara determined in part

Ly tha weapon loading of the aircraft,

A aucceesful kill from the firing of any weepon is dependent on many

conditions, Among thems

1. Aircraft tracking ability

2, Target position and maneuver
3. Missile iock-on ebility

4, PFusing-aiming crror

5. Reliabiiity of Missile

6. Component Structura of Targat

The first three points are considered in the EM directly. Except for
tail guns, & weapon will not be fired if the aircraft dcee not track the

targetsl) Tha trscking radar pattern of the aircraft is assumed to de a

) Throughout the discuesion, the tecms pursuer, tarpet will be used to
refer to either aircraft, as esch considers the other the terget, The
subscripts P and T con variables will meen pursuer and target,
respectively,




crone just as ig the detection radar, with possibly a different range and
angular coverage, 5o long as the target is inaide this pattern it can

ba tracked,

4,4,1 Lsunch Envelopes

A misgile must be able to Fatch tha target without .exceeding its
maximum g capability, and without running out of power, If the tarpet
holds to a fixed turn at a censtant apeed, then it is possibla to construct
range-angle off contours describing the geometric limits for a successful
launchk, Referred to as envelopes, these contours are inputs to the model,
An example of thesc weapon envalopes appears in Pipure 4.4~1, The target
moves at speed VT » 4t a certain g loading, and is turning to the left,
1f the target turned to tha left, tha envalopa would be replaced by its
mirror image, Typically, as tha targat speed and g loadiiig increaaes, the
wveapon envelopa understandably shrinks. A pursuer insida the envelopa,
but outside the inner barrior, can fire and expect the missils to maintain
course up to the target, The inner barrier exists usually because of g
nigsila linitations: The migsile must immediately at lauuch pull too hard,
The irregular shape of the envelope results because different target aspects
will require different maximum g loadings somevhera along the path of the
missile, Also, the signal raturn from the target may be considered in

forming the envelope., An IR controlled missila may, for ecxample, not

receiva a signal off the noso of a subsonic tsrget,

Misaile lock=on depends not only on range and angla~off, but on a ,
the tracking angle, All weapona except tail guns are assumed fired off the
nose of the pursuer, Within an sngle oy,c off tha nosa, the missile may
lock-on, Thus, the aircraft need not point directly ;t the target, only

within oIS *
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Figure 4,4=1 Weapon Firing Enveélope
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“.‘4.2 LCthﬂlitz

Points 4, 5, and 6 are not treated directly in the model, Detziled
conaideration of these factors would place too much emphasis on the
weaponry, In the DI'M, howeve:, they are treated in the aense of & degrada-
tion factor on firinga, Based on assumptions about the fusing and aiming
errors, & probability of coming sufficiently close to tha target and
dstonating &t the right time can be datermined, In addition, a probability
may be asaociated with tha rellability, To take care of tha component
atructure, the probability of hitting a vulnarable pért of the target may
be estimated, Combiuing these probabilities gives tha probability of kill

by the weapon, conditional, of course, cn being fired within the geometric

‘liritations described abova, This probability of kill is an input to the DPM of

ATAC-2,

A tacit assunption above ia that regardless of where inside tha launch
envelopa the weapon is fired, the fusing and eiming crrors and the likelihood
of hittirg a vulnerable spot on the terget, remain the same., This is not
true in genaral, aiming will be better up close, and certain aspects of the
target presenlL greater vulnerable area, However, the kill probability
{?K) 1s assuned not to vary »normcusly within tha envelope region, particu-
larly for missilcs. But suppose a weapon's PK does chaage sufficiantly
with position as to warrant special evaluation, The weanon then may b2 aplit
up into, say, two weapons each with a distinct PK , and with mutually
exelusive launch envelopes (see Figure 4.4-2), Miasile number 1 has an
inner Larrier not defined by g limitations, but by the fect that missile

nunber 2 (the sama miasile) may be fired in thut vegion with a higher PK ,




Misgile 2
Missile 1
?-J

PK'.E K

Fipure 4,4=-2 Handling Missiles with
Varying Lethality




All of the ghove peometry deseribes when a missile can be fired, The
model assumes & skillful pilot whe will in fact try to fire whenever the
geonetric conditions are met, Further, the pilot will never fire otherwise.
A pilot in reality will occusionally waste ammunition with a poor shot, but
auch concerns do not add to the evaluation of aircraft, weapons, and tactics
for which ATAC-Z exists, (The_input ki1l probabilities may include a
degradation factor for this.) Neverthelesa.'the pilot is subject to sone

restrictions which are contained in tha model, discussed next,
4,4,3 IFF

First, IFF nust be esctablishad, Within a certain range-angle pattern
eimilar t- the detection and tracking radar and opqical sighting, an
aircraft could be observed to be frieﬁdly (or return a signal so announcing),
Obtaining IFF may well b2 required optically although radar equipment is
available, Until the target is inside tha IFF pattern, no weaspon may
be fired, Once inside, though, tha pilot can fire under suitabla conditicns
after the enemy 1s.no longer in the 1FF pattarn -~ presumably if the pilot
can track the target he can tell tha target is tha previcusly identified

foe,

‘.‘.‘. Oxxgen Debt

Anothev pilot restriction, besides IFF, is hia physical condition
[Ref, 3]. Pulling too heavy a g loading wears & pilot down, Blood leaves
the brain, or is not rasurplied. This causes oxygen depletion in the
brain, which makes it harder for a pilot to make good decisions, An
exparienced pilot can control this oxygen drain, by muscle constriction in
hia abdoninal region but he will eventually tira of this, Fatigue sets in,

This phenomenon of incurring an oxygen debt is incorporated as follows:




f\‘-}

Abcve 2 loading of 4 g's the oxygen debt: is incurzed at a rate which

is a function of the g loading
do = f£1(g) dt

where O 1s the oxygen debt in the blood, As oxygen dabt is incurred,
the firing of weapons may be retarded, Below a loading of 1,5 g's the

oxygen debt is reduced at a constant rate

This oxygen debt rata is integrated over time, When the oxygen debt
reaches a certain leval, the pilot is said to be sick or tired. Depending
on inputs, the pilot may be required to fly at less than 1,5 g's until his

oxygen debt is cancelled,

4.4,5 Firing Rate

When all conditions for firing are met, tha supply of woapons may
be fired until exhauated, so long as the conditions remain satisfactory,
Weapons of a given type are fired at » fixed rate, unless retarded by tha

oxygen debt, described in Section 4.4.4,
4.,4,6 Tail Guns

If an aircraft is equipped with tall guns, these must be treated
distinctly from other weapons, All other weapons are fired within a certain
sangle off the nose, The taill gun has associated with it an angle ns s
similar to6 @&, of ‘ther weapona, but the mcaning of this angla is the

maximum angle off the tail within which the guns may be fired, Mathematically,
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tail gun firings must sati:iy

= { R
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Ordinarily, the tracking and detection radar cannot operate on a
target in the rear, und thus tail guns in the model may be fired without the
need of the usual requisite information on the target, Navertheleaa, tail
guhs firings are governed by e weapon envelope like other weapons, The
modal essentially treats the tail guns se if & separata individual, iesolated

from the pilot, controlled then,

‘4,5 Attacker's Course

The weapon loading dictates eome of the nevig: 'ion poliecy, First of
ell, in attempting to convert on the opponent, comis in from behind is
manifestly desirable, Most weapons are firad easiar :.om behind, eo that
the aircraft can aim well and fire while the opponent cs:not, Further, e
position from the rear can be mainteinad longer, ree.’.ting in mnre shots
fired, Finally, if the targat cannot see cut tha rear, the sfrcreft may

achieve a surprice attack,
4.5.1 DEL Pursuit Coursa

Pigure 4,5-1 describes the method of coming from behind, The target
is fixed, The policy is defined by tha anglc-off, ¢ . When ¢ = 0 the
pursuer is directly dehind the target, which will ba an objactive, Hhcg ¢
is large (> 90%) the oppwment is headed towards the aireraft, To countar
this the éursuer pointes behind the target, This meana o , the tracking
enple of the pursuer is non-zero (a= 0 is pointing at the target), Such
an o 1is called e lag ongle a5 opposcd to lead (pointing in front). As the

angle~-off decreases and the attacker arrives at firing position, it must point




Figure 4,5-1 Decrease in Lag as
Pursuer Swings Rehind Target
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close enough at the target to fire {the ou1s condition of the weapons,
described above in Section 4.,4,1)., Thus, the lag »ugle @ should reduce

as the angle-off ¢ reducee, In Figure 4,5-1, 3 >uy>ay e,

The equations sre given below to descride this decreasing lag pureuit

couree, or DEL pursuit course for short,

ol = Ko =4%) + 2 , 2f 92 ¢¢
(‘.5"‘1)
|al = a ) i peer
vhere K ie e ecaling factor, A full diecussion of the DEL pursult course

is given in Appendix C,

The equatione eay that as the pursuer ewings behind ths terget, the
lag engle o ehould decrease, until the angle-off ¢ 4ie lese than ¢* ,
The lag angle remains conetant (X) from then on in, If X » 0 , then
within ¢* the course ie pura pureuit, If X ¥ 0 , tha couree within ¢*
is cslled conetant lag pursuit, The term "pureuit" in eubsequent diecussion

will refer to the generel couree descrided by equation (4,5-1),

The angle ¢* can be interpreted ae & cone at which maxinum g's will
be pulled on & pure pureuit course by e conetant epeed ettacker, The idea
here ia that if the sttacker can cross this barrier, e pure pursuit is
poeeible from therec on in, This reets on the aeeumption that the tsrget
proceeds to fly at constant epeed and direction, Actuelly the target will
probably mancuver (both in reality and in the model) snd the pursucr may

be unable to maintain pursuit, Section C.4 showe that ¢* nay be described
. by

. Yp
cos ¢* = w';r' .
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If the pursuer flias at least twice as fest es the target, then ¢* = 0* ,
1f pure pursuit is intandel eventually (A = 0 in equation (4,5-1)) and

1f the pursuer first attecks ths target from in front, tha pursuer will
point behind the target until it is directly behind, snd only then will fly
pura pursuit, If VP <2 VT s then the DEL course degenerates to pure
pursuit before the pursuer swings entirely arcund behind the target, If
vhen the atteck begins, the pursuer is sufficiently behind the target to
want to be on pura pursuit, then, of coursa, it adjuste to pure pursuit

42 fest as it can,

ﬁoth aircraft will nommelly attempt to perfoirm the same sort of
meneuver, The eireraft with the best performance :-erecteristics will

presumably be the one to get on the tail of tha other,

4,5.2 Preferred Firing Positions (R*) and Closing Speed Doctrine

¥When an aircreft is on pursuif, the turning rate é is determined by
the equetions for o (Equetion 4,3,1-3)), Speed, however, can vary elso.
1f directl, behind the terget's tail, but far to the rear, then clearly
the putéuer must go fagtar than ths targat; otharwise it never catches up,
On the other hanl, it must not go too fast or it mey find itself so :lose
to the tergat that even if it decalerates es hard as possible it nust pull
avey, to avoid colliding or passing tha target, Ideally, as it closes in,
it will shoot its ionger renge air-to-air missilas if it has eny. This
firing will occur at a certain desired range (initially set as R¥) if the
pursuer has maintained the surprise element, If the target survives these
weapons, the pursuer will close to an ideal range (resettingz R*) for its
shortest range weapons (precumably guns), At that point it should move at

"neerly the target specd for maximum length contact. Since the pursuer




should move in as quickly aa ypossible in order to allow minimum tima
for tarpet mancuver, tha doctrina says that while on pureuit an aircraft
continuously speeds up until the point whars maximum slow down will placa

tha pursuer just az R* when flying at tha target spaad,

4,6 Turning Rate gé; and Accelaration (a) Tactica

In Section ‘.6 the aubecript "i{" to represent the aircraft, is

suppressed,

[ ]
4.6,1 Doctrine's Desired B and a

The doctrina of deairable turning rate and and accelaration i: now
stated, presuming the aircraft can asea tha target, . Assuming uniimited
turning capability wa formulate, firat, the turning rate, and second,
at what point to switch from acceleration to decelaration., Tha rsstriction

of limited turning rate is later aspplied (in 4,6,2,2),

4.6;1.1 Turninz Rate
It is evident from equation (4.3,1-3) that by turning axactly as fast
[ ] L ]
ge the line of sipght (B = ) the aircraft holds ite tracking angle o

constant, If, on the other hand, a new o (= n) ig desired to maintain the

DEL pursuit course during the pulse, then tha necessary turning ratc is

At it

[ ]
 After exercising the equations of motion with thiz B the tracking angle

equale n ., Tha lateral g loading By associated with this B 1s




|>' B x.

from ths standard equations for centrifugal acceleration., The total g

loading, g, ¢ including that due to the downward gravitationsl force is

1/2
- )2 =
g, @ [1 & (32‘2) ] ¢ )

The inverss function, evaluating & turning rats for a giver g ‘oading (82)

is often used:

. 1/2
8(g,) = 33-;-2- ": =1 . (46=D)

The last two equations show that for a fixed velocity, a turning rate
spezifies tha g's pulled, ond vica versa, The model concerns itself
primarily with tactics which cepitalize on the turning rate rather than

g'ss This is not arbitrary. It gives riso to batter tactics,

Appendix D discusses this point,

4,6,1,2 Criterion for Acceleration

The basic acceleration doctrine is to accelerate as much as possible
until it s imperative to slow down., To define ths point where deceletatién
is necessary, suppose it will eventually be desirable to fly at a speed
V' . Let a pursuer travel at speed V, and continucusly decelerate
st a constant rate ap.. (a negative quantity) to V' , Let the target
travel at a constant speed Vip Defina a functlon S(v') which is.an
estimate of ths distance the pursuer closes in on the target by the tine the
pursuer's spaed equhla V' «= an estimate only, since it assumes linear

flight by both alrcraft, The time it takes to dccelerate is
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= ®pEC
The average rate of change is
[ ]
VP-I-V

- V.cos ¢ ,
2- T

the average spced of ths pursuer lesa the projection of the target velocity

wa the line of sight (see Figure 4,6-1), Thue,

_ Vp = V' fv, + ¥ (Vy = ¥5)(V, + V' = 2V, coa ¢)
vy = P (P P P T

- Vou cOB ¢) .
T
~ SDEC 2 =2 aprc

{4 46=3)
This function guidea the pursuer in determining whether it must slow down,

4,6,2 Limitativns on Maneuvera

Acceleration {a not unlimited, At any g loading there ia a minimun

rpeed to avoid atalling and a maximum apeed either due to power limitations
or overheating, Further, at any g loading and apeed, the power (throttle)
setting linits the acceleration of the aircraft, The turning rate ia also

limited, Moreovnr, acceleration and turning rate are interrelated,

4.6,2,1 Specific Pover, Pg

The limitations are described in the Specific Power function for the

given power aetting, At high g and high speed, the function may be negative,
meaning the aircraft can only slow down, If it is to po faster it wuat

: (‘ reduce its turning rate, The Specific Power ¥*unction ia of the form:

Ps - Ps(vp 82) .
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See Figura A,6-2 for an exomple (although artificial), If Pg <V, it
iz equal to the maximum rata of climb at velocity V , g loading By
Appendix E discusses in detail this function, Multiplying by 32.2/v gives,

for acceleration in a horizontal plenet

a '. E-v'-zi PS(V » 32) .

The aircraft can accelerate up to this amount., It can contrel its speed

by increasing drag, allowing it to alow down as much as by a constant rate
‘DEC 34 if a 48 smaller (more negativa) than PEe ; however, it must alow
dowvn by a . The sinplifying assumption of the mood:l ia that the throttle
setting is not changed during the engagement; this one function Ps(v ’ 32)

describes the entire turning and acceleration capability of tha aircraft,

4,6,2,2 General Rule for Handling Pe Linitations

The restriction on acceleration and turning rate may prevent the
aireraft from speeding up. For example, 1if Ps ia negative tha aircraft
cannot turn consistent with pursuit and simultaneously speed up., To sae
what an aircraft might do, consider that it iz generally undesirabla to
fly at a speed that is not maintainable, which could happen when excessive

g's are pulled, Define g(V) , such that
Ps(v [ ] g(V)) - 0 .

Then é(ﬁ(V)) ss given by equation (4.6-2), i the maximum turning reta
at which the spced V can be maintained. For example, from Pigure 4,6-2,
at 1,000 ft'sec, g(V) ¥ 6,2 , With certain exceptions noted later, the
cdoctrine is to turn at & rata no more than ﬁ(g (V)) . When on pursuit,

this wears that the aircraft will occasionally stray from the ductrine DEL.
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pursuit course rathcr than te forced to lose gpe~l, when Bpced loss is

also undesirablc,
4,6,2,3 QOther Limitations

Sometimes g(V) 18 unattainable, There is an upper limit to the
pilot's ability to.withstand the g's. In addition, when the pilot is
decmed "sick" from too high a g.loading, he is required to fly fairly
straight (< 1,5g) for some time to recuperate, Further, there are structural
and aerodynamic limitations on tha aircraft, and too many g's can pull.tha
aircraft apart, These structural limitations on g's ara a function of velocity,
described by G(V) . This function is described by the dotted line in
Figure 4,6-2, 1t is aa implicit description, for to find G(V) for a
given V one uust locnte.whete the function lies felative to the various
g levels, If G(V) 1is less than g(V) , of course, the aircraft is
limited by G(V) . For example, from Figure 4,6-2, the aircraft cannot
turn at the rate a(g(V)) until the speed 1s greater than 950 ft/sec,
This does not mean it necessarily must accelerate, since it can increase drag;

only that, eay, at 750 ft/scc it camnot pull more than 6 g's.

On the other hand, the aircraft may be unable to maintain speed aven
vhile flying straight and level (presumably this state of affairs came
about from some other powcr setting or a change of altitude), The model
rvequircs that the aircraft never begin an encounter from such high spceds,

to svoid this problem.

As notcd from equation (4.6-Z) for a given velocity, pulling a certain

L]
nunber of g's implies a certain turning rate, B . The tactics relate

directly to B , and thus the specific pover is used in the model as the




L
function P(V , 8) rather than the function P(V , g) .

4,7 Details of Tactics

In Section 4,7, the subscript "i" to represent the aircraft, is

suppressed,
4,7,1 Pursuit Doctrine

Assume now the purauer has the target on its detection radar, This
is considered aufficient for the pursuer to know the entire geometry of
the aitustion, Suppose further that the necessary turning rate é ie
less than E(s (V)) , 1.e,, the aircraft need not slow down in order to

turn at the required rate, (The single exception (Case 1)} will be noted

below,) We now comstruct the detaila of the pursuit doctrine,

To determine the appropriate acceleration, a multitude of speciael
cases arise, Firat, let the pursuer attack from ahead of the target
(¢ > 90°), Then evantually it will ewing behind thz target, Around
crossover turning will be tight, so that the dasired velocity is V* ,
the velocity at which it can turn the best (é is maximal for a sustained
perioc), For most aircraft such an optimal velocity exists. Then, if the

pursuer manages to turn behind the target, the desired specd will event=-

" ually be adjusted to the target's aa the angle-off goes to zero,

If the pursuer ia in front and flying faster than V¥ , it may not yet

. be necessary to decelerata, The attacker still wants to come in es fast as

possible and slow dovn only when rnecessary, The function S(V') , dcfined
in equation (4,6-3), offecs a criterion; if S(V*) 4s greater than the
range, this means that the aircraft will be going fuster than its best

turning speed when closa to thc target (Case 6 of Figure 4,7-1) and thus
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FOOTNOTES T0 FIGURE 4.7~1

The cases are more finély broken dawn-her; than in the text, With
one exception the conditions and doctrines are nonetheless the same,
2,2,, 13a and 13b both correspond to the discussion of 13, The
exception iz cese 1b2, which results in a distinct doctrine from

the rest of case 1; see Section 5,5.3.,

If the doctrine acceleration or turning rate is outside the limits

of these columng, then the limit is used,

*
On non-pursuit thz2 sign of £ is not given, The sign gives the
direction of turn (left or right), This is determined by additional

considerations; see Section 4,.7.5,

The acceleration a is first evaluated from case 1bl and then

this velocity criterion is checked,
The value of g(V) d4& set to G(V) 1if g(V) - G(V) .

The symbol a(Ps) means the acceleration associated with the
specific power function at the present speed and turning rate,

see Section 4.6,2,1.

¥hile a < a(Ps) is a universal restriction on acceleration, it must
be specially checked here, Since é is restricted here by C(V)

rather than g(V) , a(Ps) may be negative,

The symbol 3y or ’y means that a steady state speed y* does or

does not exist, respectively., See Section 4.7.1.1,
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Even if a steady state specd exists, the aircraft may not be able

te turn as rapidly as the target at this apeced,

(10) The index {1 is suppressed in this table, but the opponent ia

indexed by j .

T Wy T AT
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it must slow down. 1f the range R > S(V¥) (Case 5) it has time to speed

up., Note that if V < V* then S(V*) is negative and the aircraft will

naturally speed up,

When behind the target, the target speed, &8s noted, is relevant,
However, only tha projection of the target epeed on the line of sight is
appropriate; if the pursuer is not directly off the tail of the target,
then it will overshoot if it flies as fast as the target, Ideally, when

R = R* , the range rata of change, R , i1s zero, From equation (4,3,1-1)

V? cos ap = VT cos ‘P » vhen R =20 .
Define
v - VT cos 6?
© toa o )
P

1f the pursuer flies at speed Vo » R will be zero, If V > vo and

R < R* + S(Vo) (Case 1), then ovarshoot will result and the aircraft must
slow down, If V » v; and R > R* 4 S(vo) {Case 2), then there is time
to speed ups, The former case, overshont, forms an exception to the rule
of never exceeding g(V) . With the danger of approaching the target too
fast, the pursuer need not worry about maintaining speed, and instead will

turn as hard as nceessary to keep up with the target,

1If V< Yo and R > R* (Case 3), then clearly positive eeceleration
is indicated, just to get to R* , The final case of pursuit, V < Vo 5
R < R* (Case 4), 1s more complicated, Here the pursuer hss essentially

attaiued its advantapeous position, and —ust seck to preserve it, The

target Is going to maneuver g2lso,
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§.,7,1,1 Steady State

Suppose the target canuot maintain a turn as tight as can the pursuer,
Then the purauer can arrive at a “steady state," in which so leng as the
target stays on a circular path, the pursuer can fly at some slower speed
in a tigbter circle, continually behind the target on pure pursuit, If
thz target flies straight, them the staady state is quickly achieved once
the angla-off ia zero, and the pursuer simply adjuste ite spced to equal
the target’s, 1f the target is turning, the steady stat: spced y* mnust

be evaluated (sea Figura &,7-2),

For steady state the pursuer must turn at the target’s turning rate

BT +« From the geometric construction

2 2 2
Rl = R 4 R2 y and
L ] 2 v%
VT L] Rl B.r or Rl - '.'5' v
By
Combinin V2 - 52 Rﬁz + §2 2 But é R, 18 the desired velocit
& Vg T T Ry o T T2 y

y* , so

2 a v 2
y* ﬂ - (R* 8) . (472

The derivation aasumes the target holds its turning rate conscant, If the
target changea courae, y* will change, Appendix F elaborates on the

steady state requirements,

- 52 -




Fipure 4,7-2 Steady Statc Geometry
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If the aircraft can obtain this steady state (Cases 4a, 4b), then
it should accelerate or deeelerate to y* , But rteady state may be
impossible (4e, 4d, 42) either because the pursuer cannot turn as fast
as the target, of hecause the ideal firing range R* {5 teo large, From
Figure 4,7-2 if R% > R1 then the aircreft cannot fly inside the target
circle. In such cases, the aireraft should not fly faster than the best
turning speed V% , If it iy flying faster than this, it decelerates (to

improve ita turning rate), If slower, it accelerates to V* 4if the tarpet

gan outmaneuver it at the present speed (BT > B(g(V))) +« Otherwise it

keeps the speed constant, This last is noteworthy, If the pursuer in this

case tries to speed up to V* , it will spiral outwards away from the target,

4,7.2 YNon=-Pursuit Doetrine with Good Information

. So much for pursuit, Now suppose the aireraft obtains its target on
the radar secreen (or sees it visually), but is not yet on the pursuit
course, or, because of the doctrine limitations on turning, {(g(V)) or
structural limitations, (G(V)) it cannot hold the pursuit, In such cases
the aireraft will still find itself in one of the cases (1, 2, 3, 4, 5, 6)
described zbove, It flies at the maximum g's allowable for the given case,

until, hopefully, it arrives at pursuit,

However, if the samc rules for rmaxinum g's were used as are used on
pursuit, a problem would arise. If positive aceeleration is the doctrine
of the given case, and the doetrine g loading were g{(V) , then the aireraft
would fly at a constant speed in a cirele, Execept in Case 4, in vhieh the
aircraft is in a controlling position, the target would likely get avay,

quite possibly to turn against the pursuer, Clearly a recduction in turning
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is often necessary so that the aircraft can speed up, But the amount of

reduction 1s uncertiing the rule developed 4s as follows:

C

l, If V > V& , then hold the constant circle at B{g(V)) and
do not accelerate, It ia likely that the reduction of the

ability to turn will prove too costly,

2, If V <Vk, then hold the turn to & = -‘-‘:-; (B(g(V))) « (4.7.2-1)

This will allow acceleration up to V*

4.7.3 Tactics with Poor Information

An gircraft may not have good information on the opponent., The bomber,

b

I

for example, at the beginning of the engagement may not even be sura that
there is an opponent, depending on the geometry at detection (Case 0),

If the fighter comes in from tha rear, the bomber's radar may never pick it

up. The bomber then could continue to fly atraight while the oppone-:

starts firing. This condition is alleviated in two ways.

¥irst, the madel allows that cnce an oppenent fires, the aircraft
will become aware that an engagement is teking place, and, with little

subtlety, will obtain II-‘F.D

4.,7.4 Pegsive Inforration

Also, an aircraft may or may not have a passive radar recelver, This
receiver has a pattern of reception over a circular sector, like the
detection radar, but the pattern is off tha tail rather than the nose

(see Figure 4.7-3),

( 1) For this recson the rodei further allows the fighter mot to fire as soon

) as possible cn an unaware target, The fighter nay wais until the range
initially set to R* 1s reached so as to goin & better position before
the terget naneuvers,
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A passive receiver could pick up many insignificant signals, including
periodic blips of'the detection radars of possibly numerous ocher aircraft,
An aircraft cannot recact to every signal, The tracking radar, however,
has a nuch higher scanning rate than a detection radar, and the model
assunes that an umavare bomber becomes aware through ite passive device only

vwhen the opponent's tracking radar is iiluminating it,

To the fighter then, it is to his advantage not to turn on the tracking

radar until necessary, The model reflects this with these options:

1., The fighter turns the tracking radar on for a moment only when
firing 2 weapon, This is an idealized situation, to avoid

considerations of time estimates and time of flight,

2, The fighter turns the tracking radar on shortly (a fixed tinme
length 1) before it estimates it will begin firing, and then

the radar is left on,

3, The fighter turns the tracking radar on as soon as detection

occurs,

The passive radar in itself will not locate the opponent, However,
the aircraft ~an be cquipped with two such receivers so as to identify

the side from vhich the opponent approacl.es,

4,7.5 lack of Active Information

It is also possible that an aircraft was on pursuit but eventuzlly
lost the opponent on the detection radar. The standard doctrine is used:
Turn into the opponent if possible (Rule 1), With no information it is

assunaed that a turn in the same direction as when information was availsble
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{(Rule 2) is most likely to be a turn intc thc opponent, If a non-directional
pdssivelradar recéiver is the only source of information, the doctrine is to
turn left (Rule 3),  If a weapon firing alerts the bomber, the bomber turns
right (Rule 4). The last two of these four rules are, of course, arbitrary.
The first rule is natural; a furn in, rather than away, is generally safer,

as the opponent has to turn harder,

The last two rules cause different results, depending from which side

the opponent comes, Thus, to invcstigate the situation fully, the simulation

is run for both cases (i.e,, the mcdel initializes the engagement both at

¢ and at = ¢),

Acceleration rules for these "blind turn" cases are based on the
assumption that the best defensive speed will be V* | the speed for best
‘sustained turning rate, If geing faster than V% (Cases 7, 9), decelerate

and turn as_hard as possible (up to G(V)), This is the other exception

to the g(V) rule, If V < ¥& (Cases 8, 10), then the convention of

B = B(g(V)) 3"-,-; applies, (equation 4.7.2-1),
4,7,6 Evasion

The underlying assumption on all doctrine up to now has been that an
aircraft intends to destroy the enemy aircraft, or at least that the best
defencive measure is to stay with the approaching eircraft and possibly
convert on it. The model also allows the aircraft the cption of attempting
to leave the scene of combat cither cntirely or temporarily, 1li. decision

to attack or evade is based on the informatiocn {(active, passive, and optical)
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available.l) If the aircraft knows it is bchind the opponent it may turn
avay from the opp&nent, accelerate to maximum speed, and fly straight out,
Otherwise, turning will probably prolong the engagemcnt} so instead, it

will immediately accelerate to maximum speed and £ly straight., The precise
formulation is: Suppose ¢ < 90° and the detection radar or optical

system can find the opponent, If V » V& (Case 11), then maintain speed and
fly at é(g(v)) + If V <vk (Case 12), then increase speed and fly at

a y.
8(g(M) Ve .

For all other conditions (Casa 13) é = 0 == fly straight and

accelerate to maximum velocity,

This concludes the discussion of acceleration and turning doctrine,
sunmarized in Figure 4,7-1, Many of the rules are subjective and could

be modificd in the future,

1) For example, the rule might be that with no information on the opponent,

or with passive only, evade, but otherwise attack, When totally lost
but nevertheless having established IFF, the model allows a choice of
evasion depending on which aircraft can turn better; the aircraft

did have information sbout the opponent previously, and it is assumed it
could, at the time, size up the opponent aircraft this well,
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SECTION 5

ENGAGEMENT MODEL
FLOW CHART D1SCUSSION

5.1 Introduction

The model described in Section 4 is laid out in a flow chart form in
Vclume 111, When modifying a model to satisfy computer needs many details
arise that previously could be ignered, A prominent one is the measurement
of angles, In Section &4, the angles 0°, 360°, or 720° are equivalent
trigonometrically, and therefcre, the differences are irrelevant, 1n the
computer program it 1s important to limit the angles, If an angle is
supposed to be between = 5° and 5°, then it would be 2 nuisance to check,
(- 5°, 5°), (355°, 36.%), etc, Similarly, if a derivation requirsd only
cosine, then © and = & are equivalent and the distinction is ignored,
For computational purpuscs, however, some consistent rules are nceded for
angle definition, The first six diapgrams of this section d-fine the

necessary angles, Figure 5,2-2 48 repeated from Figure 4,3-1,

Other details arising in the flow chart include taking care of
singular cases ignored in the model development, and giving precise
formulation to certain concepts described in the model development,

Finally, devices are used to speed up computer time,

This discussion will aid a reader already acquainted with the
conceptual model in following the flow charts, It is to be read in
conjunction with the flow charts, All synbols used are listed in

Section 7.3,
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5.2 General Conventions

5.2,1 Dianrams of Ancles

These diagrams are for reference while reading the flow charts, To
describe angles, it is firgt necessary to define conventions on the line

of sight, Figure 5,2-1,

2
.
~

Figure 5,2-1 Line of Sight (LOS) Segments

® Figure 5.,2=2 gshows ths following anglesi
¢, i measured from the inner LCS to the velocity heeding of
aircraft 1,

¢1 ! measured from ths outer LOS to the velocity heading of
aircraft j , j being the other aircraft,

g  measured from the velocity heading of aircraft 1 to
the positive x-axis {(translated to head of ths vector Vi).

There is a relationship between ey and ¢j ! | ey | =2 =] ¢j |
o, >0 31 3j 1s positioned to the right of 1,
¢i >0 3 1 is positioned to the lefr of J .
Bi <03 1 1is turning counterclockwise,

All angles are measured counterclockwisc and in the Interval [~ ® , ©],
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z INERTIAL REFERENCE LINE (IRL)
\ roa—- v

8 A ﬂ. B é
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F ?J

{Positive Direction
for Angles is Counter=
clockwise)

Figure 5.,2-2 Defining Relative Positions
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¢ Figure 5.2-3 describes the angle B ,

B = Arc tan(-dl) ’
dx

B, 1f dx< 0
gy =
g=-(sgng) n, 1f dx >0 .

¢ Figure 5,2-4 shows various sensor angles, It should be noted that
the magnitude of the angles necd not follow in the order showm, e.g.,

@ pp(1) could be greater than arpg(1) .

¢ Figure 5,2-5 shows the meaning of the input angles in the weapon
envelopes or firing tables, If the target aircraft is turning, or if
the vulnerability of the target is not identical on each side, then it

is essential to know which side of the aircraft an input refers to,

e Finally, Figure 5,2-6 describes the GRID coordinate system for

initializing engagements, Note that the angle € 15 measured from
- -+

VF to VB .
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y
Ei = =120° 51 - -60°
51 = =150° "By - =30°
Bi = 150° By = 30*
Bi = 120° By = 60°

Figure 5.2-3 Orientation of Bi with Respect

to the Inertial Cecordinate Systenm
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Figure 5.2-4 Aircraft Semsor Hali-Angles
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Figure 5,2-6 Definition of Angles in the GRID
{X, Y) Coordinate System
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5.2,2 PFlow Chart Conventions

Flow charts have been provided in Volume III, Section 8 to support the
descrintions of the various programs which comprise ATAC-2, The conventions

and symbols used in these flow charts are presented below,

Rectangles of any size indicate a processing
function; usually refer to evzluating a variable
by gome mathematical expression but also used to
refer to a collection of processing functicns as
represented by a routine or subroutine,

Hexagonal figures of any size indicate & deecision
function invelving a question; a progrem branches to
an appropriate instruction depending upon the answer
to the question, The symbol always implies a question
<¥ although a question mark is never included., TFor
B example, this symbol used to enclose the statement
Bi = 0 means "Is B; equal to zero?"

START Indicates the point at which a program, routine or
subroutine begzins,

Used at a point in a routine to indicate that when

RETURN this point is reached program contrcl is to be
returned to the program which executed (called) the
routine or subroutine,

—_— Indicates the flow of processing,

» FORTRAN instead of mathcmatical statements are used
g = B ¥ B. At throughout., For example, the staterent on the left
.1s in FORTRAN and indicates that the new value vof Bi
is obtained by adding éi 4t to the old value of Bi .

_ Used to indicate the flow of processing by a discon=-
:3><:E:) nected line when a ccntinucus linc would involve
cross-ovaers of other lines of flowi flov to a eirele
(:r“\ at the hecad of an arrow is resui:ed at the circle
2

; == at the tsil of an arrow contsining the same numbexr
as the first circle,
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5.3 The EXECUTIVE Routine ~ EM

The EXECUTIVE Routine = EM (see Volume III, page 24) essentially
controls the cxecution of tha main routines of the ENGAGEMENT Model,
It initializes the values of certain parameters and calls programs in
their proper sequence, Specifically, the EXECUTIVE Routine performs

the following functions:

(1) calls the INPUT Routine,

(2) determines the first value of ¢ , the initial crossing
angle of the aircraft to be used,

(3) determines the active detection capability of the fighter,
(4) calls the GRID PREPARATION and COMBAT programs, and

(5) dincrements the value of ¢ ,

The INPUT Routine is executed first, It reads the values of ths
input variables into computer storage and performs other functions such

as converting angles input in degrees to radians,

The active dctection capability of the fighter which 1s used to
establish the point at which the fighter initially detects the bomber is
determined by the EXECUTIVE Routine -~ EM, The variables r (range) and
p (the half~angle) define this capability, These variables are assigned
the values of the corresponding parameters of a fighter's detection radar
equipment if it hes such eguipment, othcrvise of its optical capabil’.y.

Usually if a fightcr has both radar and a visual capsbility, the radar

. rangz will be greater than the visual rarge, If the angular coverage of

the visucl capability excecds that of the radar, thc procedure discussed
above will ignorc the extra visual ccverase, It is belicved, hovever, that

this procedure for most cascs of intcrest should not materi.’ly distort the
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distribution of points at which initial detection can occur, 1t should
be noted that the full optical capability epecified in the inputs ies used

in all other operations of the model,

In some cases it may be desirable to reduce the detection range in
the search phase., An input ry, allows for this, After initial detec~

tien, Rppr and Rynp are uged, irrespective of T, .

The EXECUTIVE Routine ~ EM selects the values of € to be used for
a given run of the ENGAGEMENT Model, A run can be made for one value or
a set of values of € , If only one value is to be considered the operator
must set Ac to & value greater than 180° and assign ¢ the value desired,
EXECUTIVE will then execute the ENGAGEMENT Model for this value of ¢ only.
I1f Ac 1is assigned a value less than 180°, EXECUTIVE will generaie the set
of values to be uged for ¢ 4, Two cases involving three conditions of

each aircraft can arise in this situation. The fighter or bember may have

{1) no passive detection capability,
(2) passive detection capability with side discrimination, or

(3) pessive detection capability without side aiscrimination.

Under conditinn (1) ar aircraft will follew a linear flight path until
fired upon or until the enemy aircraft is actively detected, and then will
attempt to turn into the encay, Under condition (2), an aircraft will
turn into the enemy ailrcraft when passive or active detection information
is received, Under condition (3), arn aircraft will execute e tactical
doctrine turn to the left when passively detecting the encmy airceraft
regardless of the side from which an enemy is approaching, The first case

arises if any combination of only conditions (1) and (2) apply to the
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fighter and bomber, The sccond case arises if conditicn (3) applies to
either the fiphter or the bomber, In the first case, all outcomes of a
sinulation will be symmetric with respect to ¢ } that is,‘the same out-
comes will occur for ¢ in the interval [~ 180°, O] as the ‘nterva)

o, 180‘].1) Therefore, EXECUTIVE generates a set of ¢'s only in the
interval [0, 180°] in the first case, in order to eliminate unnecessary
simulations, In the second case, outcomes will not be symmetric with
respect to ¢ , 60 EXECUTIVE generates a set of ¢'s in the interval

[~ 180°, 180°],

After the above functions of the EXECUTIVE routine have been
performed the major loop of this routine is entered, This is the loop
in which ¢ 1s incremented, For each value of c' the GRID PREPARATION
and COMBAT routines are executed once, However, within the COMBAT
reutine, for each value of ¢ » there will be N engagements run
corresponding to the N grid-points, (see discussion of GRID PREPARATION,
Section 5.4 and GRID, Section 5.,5,1), Finally, wvhen ¢ reaches a value
greater than =® the program stops ending a completed set of simulated

engagements,

5.4 The GRID PREPARATION Routine

All simulated engagements in ATAC=2 are initiated at a time when the
bomber first enters the fighter's active (radar or optical) detection

pattern, For each ¢ , the initial angle between velocity vectors of the

L In the particular instance that the bomber is first alerted by being
fired on, asymmetric results occur, since it will make a doctrine
right turn, But this instance was not deemed of sufficient moment
to be treated as Case 2,
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two aircraft, GRID PREPARATION (sce Volumc II1I, page 25) im conjunction
with the GRID routine of the COMBAT nrogram penerates N equally likely
points along the perimeter of the fighter's active detection pattern at

which detection could occur,

S

The fighter's active detection pattern is taken to be a sector of ‘
a circle, The bomber's path will intersect this pattern along the relative
velocity vector defined by ¢ and the velocities of the two aircraft,
Intersection can occur along the arc or radial portions of the detection
pattern, The procedure employed here essentially determines the points
at vhich N equally spaced paths parallel to the relative velocity
vector, 3* y will first iIntersect the fighter's active detection pattern,

These points of intersection are referred to as grid-poinmts,

Procecding from one side of a detection pattern to the other, the
N paths can intersect the pattern in many different sequeuccs of arc and
radial segments depending upon the includcd angle of the circular scctor
and its orientetion with respect to the relative velocity vector., For
example, consider the case illustrated in Figure 5,4~-1, The N relative
bomber's paths can intersect the fighter's active detection pattern in the
arc "Ynax to C," in the radial segment "C to F," in the radial segment
"F to B," and in the arc "B to Y 4,." (The point B hes no relation to thc
bomber location,) A rectangular coordinate system (X, Y) has been defined
in which computations are performed to locate the ¥ points of intersection.
The origin of this systcn is the fipghter and the X-axis 1s parallel to 3*

1)

-
with its positive sense oppositc the direction of V¥ , The points

b The (X, Y) system used here should not be cenfused with the ivertizl
covrdinate systen {x, y) used elsewhere in A1AC-2,
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Fizure 5,41 Logical Basis for GRID PREPARATION
And CGRID Routines
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(0, ¥__),C, F(0,0), B and (0, Y 4.) shown in Figure 5.4~ represent
’ ’ nin

max
the end points of different segments along the perimeter of the fighter's
deteetion pattern in which initial detcetion can oceur, Different equations
are used ;o locate initial detcetion points within these segments. The
quantities Y. , 0 , and Y are employed as eontrol parameters to select
the proper equation for locating each of the N initisl detection points,
GRID PREPARATION establishes'the values of these quantities, the valuc of

YB ured by GRID to determine the initial grid-point and the value of the

decrenenting interval AYS « It is 2xecuted onece for each value of ¢ .,

The GRID Routine uses these values to generate onc of the N grid-

points eaeh time it 15 execeuted,

In the system devised for loeatiag grid-peints, 22 eases arise which
require individual treatment, The 22 eases are presented pietorially in
Figure 5,4-2, The ordered pair of numbers appearing in each eell of this
figure refers to the quadrants (defined in the eonventional manner) in
which the points B and C , respeectively, are positioned. The logie of
the GRID PREPARATION Rout.ine is desipned to identify the case whieh epplies
to a particular set of conditions and then to sct the econtrol parameters
g0 that GRID ean properly locate each grid point. The case shown in

1L

Figure 5,4-) is the case upon which this logie is based, 1n other words,

the logie assumes that as Yg is decrenented from Y. to Yoin deteetdion

1) The usc of this case as the logical basis for the GRID PRTPARATION
and GRID Routines is not intended to Lmply that this is the rost
typieal ease., Oa the contrary, it prebably is an vnusual ease
because it involves the condition V,(B) > V_(F) . It was chesen
as the logzical basis becruse it represcuts tge extrene condition
in vhich grid-points ean be located along four sepments on the
perimeter of the fighter's active detcetion pattern,
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NOTE: Ordered pair (a, b) denotes Qz ~ aand Q. = b, Positive

X-axis is directed tc right and positive Y-axis upward.
The point C is always clockwise around the arc from B,

Figure 5,4~2 CRID PREPARATION Cases - Possible
Orientations of Fighter's Active
Detection Pattern in X, Y System

- 75 -

. 8k o T R O S o Bl i "




occurs firat along the arc "Yg, to C," then along thc radial segment

"C to F,” thcn the radial segment "F to B" and firally along the arc

"B to Yuin." Not all of thc program branches corresponding to these
segnents apply to all caaes. GRID PREPARATION, thcrefore, sets the valucs
of the control parametera so that the branches are appropriately suppressed

or executed for each particular case,

A more formal treatmcnt of the development of the GRID PREPARATION
routine fcllows, Consider the rectangular coordinate system (X, Y)
defined before to have aa its origin the position of the fighter and its
X-axia parallel to the relative velocity vecctor ;; with positivc sense
opposing the direction of ;; + This coordinate system is shown in Figure
5,2-6, The vector diagram included in this figure indicates that v
is defined with the fighter as the fixed aircraft, Applying the law of
cosincs to this vector diagram, yields the following exprcssion for the
magnitude of ;* $

1/2
V¢ = [VO(F)2 + VO(B)2 - ZVO(F) VO(B) (cos c)],

where V,(F) and V (B) are the initial velocitics of the fighter and
bomber, respectively, V* will he non-zero except for thc case in vwhich
VO(F) - VO(B) and € = 0, In this case, the X-axis 1is taken to be
parallel to, and has positive scnse the same as, thc direction of VO(F) .
Define a line scgment Y* as the norrmal projcction of the fighter's
active dctecticn pattern onto the nornmal to ;* ; that is, onto thc Y-oxuis,
Assure the position of the bomber is uniformly distributed in a space

-

traveling parallel to VB « The fighter moves through this spece with a
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velocity = ;* « The fighter will detect the bomber if and only if the
area swept out by the segment Y* inecludes the position of the bonber,
Given detection, the original upiform distribution of the bomber's position
pencrates & uniform distribution of detection points along Y* , Grid-
points are salccted according to this distribution of the bomber along Y* ,
This is done by considering N K intervals of length AYB = Y*/N along the
segnent Y* and placing tha bomber's initial position om the fighter'a

active detection perimeter so that V% bisccts each of the N intervala,

The fighter's active detection capability is uniqualy defined by p ,
the half-angla of coverage measured from the fighter's nose, and & range
r .1) Thus, the fighter's active detection patcern is & sector of & circle
of radius r and included angle 2p . We define 'u to be the angle between

the positive X-axis and VO(F) s and the angles ¢, and 6 to be the

B
angles between the positive X-axis and the two radial extremities of the
fighter's active detection pattern., These three angles arc measured positive

in the counterclockwise direction from the positive X-axis, From the

construction given in Figure 5,4-3,

Vo (B)

Figure 5,4=3 Determination of p

1) see Section 5,3, the EXECUTIVE Routine, for a rore complete definition
of p and r ,
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it can be observed

VO(F) - VO(B) cos E
U = Are ¢os .
Vi

In the event that V* 1s zero, € 1is set equal to 0, The Arc cosine
function for thc computer systém utilized yields a value of y 1in the
range [0, 7], However, it is necessary to recognize nepative as well as
positive values of yu , It heppens that u always has the same sign as
¢ vhose range is [~ m, m], Thus, the above exprcssion is used to cbtaim
the proper absolute velue for u and the sign of € 18 tested to obtain

the proper sign for u ,

The definitions of BB and Bc are
8 = utop
and
ec-u-p ']

vhere p i always positive,

Expressions can now be devcloped for the control parameters YB and
Yc « Initially definc YB and YC to be the Y-ecordinates of the peints

B end C , respectively, Thus,

Y = rsind '

and

Y, = reind s
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which can be established by referring to Figure 5.,4~1, The quantities
Yoax @nd Y.,  are the Y-coordinates of the end pointa of the line
segment Y* , where Y .. > Yoin * These quentities- can ascume the values
tr,0,Y or ¥, depending upon the particular case being considered,
For example, Y .. =T and Ynin = -~ ¢ for the case given in Figure 5.4-1
vhereas Y . =Yy and Y . f Yo for the case shown in Figure 5.4-3,

if the detect{on pattern ig entirely en one side of the X-axis either YB

or Yc nust sonetimes be redefined to zero,

In Figure 5.4~2 (1, 1) top left, Y, is set tolzero. sinee Y, 1s
below Y. , and the program must be supplied with the information that the
final grid-points are radial points, Consider (3, 1) to appreciate the

necescity, The value of AYg can oe calculated from

mnax min
LAY -
g N ’
Ymax Ymiﬂ - Yk .

After determining the values of the control parsmeters, GRID PREPARATION

computes a value Yg from the expression

Yg * Yoax + 0,5 BYg v

This value iz an input te GRID where it is immediately decrementa2d by a
full AY8 + This determines the Y coordinate of the mid-point of the

first ¢f the N intervals within the line sepment Y% ,
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The last step executed by GRID PREPARATICN is the computation of a
foctor F from the expression

i Uk

v, (B)
F 1is a factor employed in the DATA PROCESSING Model to compute the

probability of the fighter detecting the bomber, An explanation of this

factor is given in Appendix A, Section A,2, -

The GRID PREPARATION rovtine's logic shown in the flow chart follows
the general explanation given above, The elaborate branching arrangement
shown provides for uniguely identifying cach of the 22 casss presented in
Figure 5,4~2, Cases are identified by establishing thc quadrants of the
pointe B and C . For thosc instances in which two cases occur for
B and C 4in the given quadrants, the identification involves comparinpg
¥g and Y. . An understanding of the operation of any particular branch
can be achieved by referring to Figures 5,4=1 and 5,4=2 and following the

logic thrcugh to the GRID Routine,
5.5 The COMBAT Routine

The COMBAT Routine (see Volume I1i, page 26) constitutes the heart of
the ENGAGEMENT Model of ATAC-2; it conducts the simulated engagements between
two &ircraft, COMBAT is basically a calling scquence which executes a
collection of routines in the proper crder to effect a serics of simulated
engagements, A seriles consiste of the engagements initiasted from the
grid-points for.a given initial crossing angle ¢ . In the operation of

COMBAT tha steps arc essentially:
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(1) selection of a grid-point,

(2) initialization of enpugement conditions for the sclected
grid-point, and

(3) 1iteration of a basic cycle which conduets an engagement
through a time pulse until terminal conditions are attained,
After the engagemeats for all grid—-points for a given & have been

completed, COMBAT returns control to the EXECUTIVE Routine,

The first routine exccuted by COMBAT is GRID, Based upon the values
of quantities deterwined by GRID PREPARATION, CRID determines the initial
range between the two aircraft and the initial tracking ancles which define
a prid-point, The valucs of other engagement parameters and progrem
contrel variables are initialized by the INITIALIZ§ FLIGHT Routine, At

this point the firct iteratlon of the basic cycle of & simulated engagement

is excecuted,

NAVIGATIONAL SYSTEMS establishes the information state of an alrcraft
and then seleets the maneuver whieh the aircvaft will cxecute in a given
time pulse, The naneuver %s baced upon the informatlon state, engagement
conditions and a taetical doctrine inherent in the ENGAGEMENT Model, During
the basic cycle, this routine is exceuted twice, once for the fighter as
the ¢ ijeet for a mancuver decision, and onee for the bomber, ADVANCE
RELATIVE COORDINATES thea det rudnes the Incremental relative movement of
the two aivcraft, It uses the values of variables whieh define the
aircraft's rmancuvers as selected for the given time pulse by NAVIGATIONAL
SYSTEMS, The neu positions of the aireraft with respect to cach other arc
e¢stablished by ADVANCE RELATIVE COORDINATES from the detenadned incremental
relative movement, TRANSFORM TO INERTIAL COORDIKATES is then exccuted to

cstablish the inertia. coordinates (x, y) of cach aireraft as the result of
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the movement in the give: time pulse, FIND G; determines the total g's
vhich each ailrcraft pulls in performing the mancuver selected for the given
time pulse, These values of total g's enter into the evaluations made by
CHECK WEAPONS which is the next routine to be executed. In addition

FIND G, evaluates the oxygen debt of the pilot, CHECK WEAPONS evaluates

i
vhether any weapons cen be fired, VWhenever & weapon is fired, the time

and the values of certain engagement varlables are stored for eventual
printout or use by the DATA PROCESSING Model, A running total of the time
during which each weapon typa's firing requirements are satisfied is also
kept, PRIKT causes the inertial cocrdinates of the fighter and bomber to

be printed cut if the sinulation time has reached the end of a print interval
t* , The OVER Routine is executed after ecxecution of the PRINT Routine

to determine if the engagement conditions at the end of the given time

pulse meet any of the stipuiated terminal conditions, Ii they are not met,
the program returns to NAVIGATIONAL SYSTEMS tc perferm another iteration

of the basiec simulation c¢ycle, If they are met, weapon firing information and
the total time of the engapement are stored by the RESULTS Routine, ! test

is then executed to deteimine i1f the grid-point, from which the engagement
Just concluded was initiated, was the last grid-point to be considered for

the given ¢ ., If this is so, contrel is returned to the EXECUTIVE Routine,

Otherwlse, the COMBAYl Routine retuwvns to the GRID Routine for sclection of

the next grid-point oand & repetition of the process,

The GRID Routine (see Volume III, page 27) locates one of the N
grid-points, The grid-point is located in relative coordinztes in terms

of the range between the two aircraft, R., and the ctrocking angle of the
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fighter, «_ , and bomber, @, .+ To locate propcily esech of the grid-point.,

F B

GRID uscs the values of thc eontrol parameters YB . YC and AY_  which were

assigned for the given ¢ by GRID PREPARATIOHN,

GKID moves along the scgment Y* , the projection of the fighter's
active dctection pettern onto the Y-axis, from higher to lower values of
Y8 .1) Thus, it first decrements the value of Y8 to locate the mid-point
of the next of the N intervals to be conaidered along Y* , The value

of an angie y , shown in Figure 5,5-1, ia calculated from the expression

Y
¥ = Are sin [—E] .
T

This engle is used to locate zrid-points which fall on the are of the

fighter'a active detection pattcrn,

GRID then examines the value of Yg to determine whather the grid-

point corresponding to Y, will fall along an arc or a radial segment

8
of the fighter's detection pattern, The braueh of the routine whieh wiil

locate the grid-point on the proper segmcnt of the pattein is then exceuted

resulting in the ealeulation of the proper values of R, a, and «

F B*

Each branch esccentially determines the point on a seyment of the pattcrn
at which a vector drawn through thc nid-point ¢of an interval of Y* inter-
secets the scpreent, If the intcrseetion oecurs on ¢n arc of the pattern,
R will be cqual to the dctcetion range r , and & will be the principal

2)

value of the quantity (¥ - ¥) as shown in Figure 5,5-1, If the intcr-

1) Sce Section 5.4, GRID FREPARATION Routine, for a dcfinition of the

(X,Y) coordinate system and the overall grid-point sclection procedurc,
2) A valuc in the intcrval [= m, 7], Scc Section 5,5,11.1 for a descriptiem
of thec principal value function,
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section occurs along a radial segment of the pattern, tp obviously

will be equal to p or = p , the detection half-angle, and R will

be given by

Yg

gin (y - °F)

which can be derived from the constiruction pfesented in Figure 5,5=2,

Whatever the segnent in which a grid-point 1s located, og is

obtained from the following expression:
oy " Op + ¢~ [sgne] ’

vhere [sgn €] indicates + 1 or =1 according to whether € 18 positive
or negative, respactively, The construction shown in Figure 5.5-3 is
helpful in deriving this result, It should be reacmbered that all threo

angles shown are measured positive in the counterclockwise dircction,

The branching logic incorporated into GRID {s based upon the case
presented in Figure 5,4=1 (note that B here docs not relate to the
location of the bomber), For this case, pgrid-points for initializing
engagenents will first be located along the arc "Y_ .. to C" ("Yes" to

“Y8 > YC“ question in flow chart), then on the radial section "C .o F"

("No" to first two questions, "Yes" to "Y_ > 0"), thcn on the radial seprent

B
"F to B* ("No" to all questions), and finally on the'arc "B to Ygq4," ("Yes"

to “Yg < Y;")+ 1n other cases, any number of the branchcs may be executed,

GRID PREPARATION scts the values of YB and YC so that the proper breonches

for a given case will be executed,
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Figure 5,5~3 Deternination of oy

5¢542 The INITIALIZE FLIGHT Routine

The INITIALIZE FLIGHT Routine (sce Volume IXI, page 28) is executed
each time a new grid-point is considered. It perforns the following

functions:

(1) Scts variables which describe the bomber's and fighter's
flight conditions to the values vhich they should have at

the bepinning of a simulated ennagement;

(2) Sets the values of control veriablez (e.g., FNVELOPE
sw(Mis, 1), S1(1), and tPRT) s0 that branches within the

various subroutines will be executed at the proper tines;
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(3)

(4)

(5)

(6)

(7

(8)

Sets timing variables which record the timc of occurrence

and duration of sinulated cvents at their proper initial

values; the clocktime is Bet to t = 1076 rather than Lero,

since for convenience of progranming, a weapon firing should |

not take place at t = 0 ;

I

Constraius the initial values of the cracking angles Gp

and ap calculated in the GRID subroutine to the interval

[= 7y 7];

Calculates the initial valucs of the engles ¢_ and ¢B

¥
within the interval [- 7, %);

Places the bomber at the origin of the (x, y) incrtial

coordinete system with its velccity vector orientcd in the
direction of the positive y-2xis (BB w 1/2) and places the
fighter in the inertizl coordinate system so that it has the
proper relative position and orilentation to the fighter for

the given ¢ and grid-point;

Sets the valuc of At depending on the initial range (a longer

initial range allows for a longer tine pulse);

Sets the value of R* , the ideal firding range. If the fighter
intends to surprisc the bowber, then R* s {irst s:t to RIOY,
the pocint at which the fighter will start {iring. Tt will

then be changed to the “true" R* when the bonber becoies

avare -~ sec AWARE ROUTINE,
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5.5.3 KAVIGATIONAL SYSTi.MS

The NAVIGATI1ONAL SYSTEMS Routinc (scc Volume 11I, pagc 29) performs

the following functiongi

(1) Detcrmines the inforwation states of an aircraft through
the opcration of the ACTIVE, PASS1VE, and 1NFORMAT1ON
Routines, and thereby dctermines when the .bomber first

becomes aware of the fightcr;

(2) Deecides which maneuver (linear, circular, pursuit course,
linear evasion or circular cvasion, defined by ST(i) = L,
C, Py E, or Ecy respectively) an eircraft will execute in
a given time pulae bascd upon the information state and the

model's tactical doctrine;
L]
(3) Sets the value of By » the aircraft's turning ratc;

(4) Sets the value of a; y the aircraft's acceleration for
this time pulse, within the two rcstraints of doetrine

and the PS funetion,

The valucs of Bi and a, detcrmine the mancuver of the aircraft,
ATAC-2 focuses most sharply on (3) end (4), Section 4,6 describes the
gencral developucnt, and Appendices C, P, and E lay out the basis for

them,

The NAVIGATIONAL SYSTEMS Reutine first checks the information state
(k stztc) of the aireraft, (sce the INFO Routine, Section 5.5,3.1).

The k matrix is shown in Figure 5,5=4, This k state corbined with thr.
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k) Information

1 Nene

2 OQut of Timc or Ammunition and Ko Active

3 Out of Time or Amumunition and Active, i.e.,

Deteetion Radar or Optical

4 Active

5 Active and IFF

L Active and Passive

7 Active, Passive, and IFF

8 Passive

9 Passive and IFF
10 Lost aund IFF and Inferior Turning Ability
11 Lost (other then k = 10)

States 2=11 assume awareness,

In states 4-9 information not lisited is not
available, c.fiay k = 4 mneans no passive, no IFF,

Figure 5,5-4 Information (k) St:ites
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geomctry kno'm to the aircraft produces the m state, which defines the
doctrine of eccecleration and turning., The 1 state doctrine is listed

in Figure 4,7-1, In the succeeding discussion the subscript or argument

i , representing the aircraft, will frequently bte dropped when inessential.

The boxed symbols refer to the corresponding n~reas of the flow chart,

If no information exists (k state = 1), s the linear, constant
speed course ia continued, In all other rases, the variable D will
dictate whether to opt for evasion, If for a piven k state D w 0
(the D's are input), then a course of evasion follcwa, ; otherwise

the policy is to attack,

In the case of evasion, if k= 3, 4, 5, 6, or 7, these information
states imply knowledge of ¢ , the anglc-off; then if | ¢ | < 90° , the
aircraft is aware it is behind the opponent, It will then make a decision
based on the specd, If V > V¢ , it will turn as hard ns possiblc (xz)
even if this ncans losing speed, If V & V* , it will limit its turning
rate (xl) 50 as not to lose spced, The aircraft turns in the opposite

direction of the enemy (- sgn éj) .

In all other evasion situations it will straiphten out e&nd accelerate

to maxinum specd (B =0 , V —vV ),

If k=10 or 11 , see Ei] » then the aircraft has lost all
informations If V > V* it will turn as hard as possible (xz) and
decelerzte, If V 2 Ve it will control its turning rate to less than

gi(V) » specifically g, (V) %; » See equation (4,7-1), and accelcrate, It

will turn in the same directicn as previously, setting the sigr of B equal

to sgn (8) , the old value.
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The %k states 8 or 9 (passive information only), or 2 (inability to
fire with no active information), scec [:] y are treated just as k states
10 and 11; accelerate or decelerate to V* with the turning rate restrice-
tions mentioned above. If there are two pascive sensors-(PS(i) = 2) then
the aircraft can tell the hemlsphere of the opponent and turns into the
opponent, A negative a means the opponent is on the right and so turns
the aircraft right (sgn é = 1), The opposite is done, of course, if

o >0, For coﬁpleteneas, in the unlikely event that o, = 0 (pointing

i
at the opponent and yet only have passive information), then ¢1 y the
angle-off, distinguishes the side, If PS(i) = 1 , then it is impossible

to tell which side the opponent is on, and the aircraft takes a doctrine

left turn (sgn é " - 1),

In all other caces (k staces 3, &, 5, 6, 7) the aireraft has active

information and should consider the pursult doctrinc, The appropriatc value

of the tracking angle, n , for the next pulse, must be determined, sce Eﬂ .

The first step is to evaluate ¢* , the angle-off at which either purc or
constant lag pursuit is adopted, If | [ | < ¢* , then n , the desired
o, 15 set to A , the fixed lag angle, Normally A = 0 and pure pursuit
results, If | ¢ | > ¢ , then the magnitude of n is set by the formula
K(¢ - ¢%) + A . (See equation (4.5-1),) 7To determine the slope K the
variable o,y is needed, This is the value of & at ¢ = 180° , vhere
the target is aimcd right at the alrcraft, The necessary turning rate

can then be calcuiated direetly from n and é y the last beinn calculated
here although recalculated in ADVANCE RELATIVE COORDINATES (Scetion 5,5,4),
Throughout the flow, when the desired é cannot be achieved, the status

of the aircraft reverts to eireular flight,
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Now we come to specizlized doctrinc based on geometiy, If

it

| ¢ | » 7/2, see , the aircraft is in front of the target, and S(V#) ,
the distance the alrcraft closes in by the time V = V& |, governs the
decision to accelerate or decelerate, If R < 8 , (5 = 3(V#+)) , then
the aircraft must slow Jown, and the aircraft turns as necessary, If this 5

necessary amount exceeds the doctrine limitation (x1 - é(gi(V))) s then

it holds its turning rate to this limit, If R > 8§ the aircraft turns

only at %;-xl (1f necessary) and accelerates as specific pewer allows,

If ¢ < /2 , then Vo s the iceal speed to make the range rate equal
gero, 1s calculated, If Vo is too small, it is limited by Vc(i) y the
nininun speed. S(V,) 1s nceded for acceleration decisions, However S(V,)
is calculated here assuming that the aircraft in fdct accelerntes thin pulse

and then decelerates, The speed y* , used in evaluating S(Vo) y 18 the

speed after this pulse if acceleration takes place, q
Four ceses present themnseclves; let § = S(Vo) s 1
i
Left to Right [¢] v, >V R > R* + § - RAt n, =2 )
° i o ' ' 1 :
[ ;i
B v,>v, , ReR*+S-REL ., mnl :
VgV, , RpRe y my =3 :
Kl vycv, + R<R v my =
[
1 The purpose of testing R &gainst R* 4+ § ~ RAt , rather than !
| agalnst R* 4+ 8 is to insure that overshoot does not occur, Since time
increases i. discrete intervals, the aircraft cannot afford to accelerate
;F if the range is such that one pulse later the range will alrcady be less
= N
(" than R* 4+ © , nmezning overshoot way ensuc,
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In m = 2 , acceleration is desired, and thus B must be limited Ly
X L , 1f V <« V& | to rmake sure acccleration is permitted, In n,6 = i
2y ’ '

i

deceleraiion is the choice and the aircrrft turning rate need only be
limitcd by X5 » the strnctural linitations, A spccial casc arises if

L it + vi < vo and R > R* , This means that by decelerating, the aircraft
in the next pulse would be in state my ™ 3 which would causc acceleration.

The aircraft might then oscillate between these statcs without ever reaching

R* , Since tha initial R* {is a range at which to start firing, this range

nust be reached, Thus, in this case, deceleration does not occur,

In m = 3 , a5 noted, acceleration is the rule, and like m, = 2
the turning rate is cut to guarantee some power for acceleration, State &
(my = 4) is the most involved., The value of y* 1s now sct to the steady
state epeed in two stcps, see equation (4,7-2), First, a value lecss than
1 for 'y* mcans steady state speed is possible. Then, if the target's
turning rate, | éj | y is less than the purscer's steady state rate, the

aircraft accelerates or decelerates to y* , {In all cases V, <V ¢ Vaiix

c
rastricts the acceleration veize a; » and at various places checks are made
to insure this} scmetimes only the maximum or minimuxm is checked, as the
other is impossible in view of the input restrictions.) Thc remainder of

state 4 follows Figure 4,7-1 in a straightforward manner,

5.543,1 The INFOPMATION Routina

An aircraft will always be in one of the k &tates listed in
Figura 5,5-4, Tha routine (see Voluma III, page 30) simply searches

through to find the appropriate one,
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5.5.,3,2 The ACTIVE Routine

The ACTIVE Routine (sec Volume IXI, page 31) determincs whether an
aircraft's detection radar or optical capability will detect the other
aircraft according to the relative positiona and hcadings of the two
aircraft, The routine is activated by the INFORMATION Routirie cach time
it is executed, Thus, the ACTIVE Routine is executed twice during each time
frame of a simulated enpagement, once for the fighter as the subject
aircraft and once for the bomber, The outcome 1ndicatcd.by the ACTIVE Routine
is used by tha NAVIGATIONAL SYSTEMS Routine to deternine the maneuvar to
be executed by an aircraft in a given *ime frame, If detection is indicated,
the ACTIVE Routina executes the AWARE Routine, This causes the "clock"
tine of the current time pulsc to be recorded as the tima the Momber becamc
avare of the fighter if the detecting aircraft is the bomber ad the bomber

was not previously awara of the fighter,

The ACTIVE Routine assumcs that the radar and optical detection
patterns are completely defined by a range and a half-angla mcasurad with

raspect to an aircraft's nose,

5|So3 +3 Tha PASSIVE Routine

The PASSIVE Routine (sce Voluma III, paga 3I) determines whether an
aireraft will detect the prescnc: of tha other aircraft with its pasaive
detection equipment, according to the ralativa positions and headings of
the two aircraft, It is activated by the INFORMATION Routine. The
PASSIVE Routine also executes the AWARE Routine if datection is indicated so
that tha time at which the bomber first becomea ewara of the fighter can ba

gset 1f i1t has not been set previously,
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The PASSIVE Routine distinguishes between passive detection i nuipment

vhich has the eapability to recognize whether a detceted aireraft is

:) positioned in the detccting aireraft's right or left hemisphzre and that =
equipment which does not have this capability, If an aircraft possesses . %
the first type of equipment, the PASSIVE Routine will cause thc aircraft |
to circle toward the other aircraft if passive detcetion occursz, With the
seeond type of equipnent, a,det;cting'&ircrafl will execute & taetical
doctrine circling turn to its left regardless of the relative position of

the detected aircraft,

Two conditions must be satisfied simultaneously for the FASSIVE
Routine to indiecate that pasaive detection has occurred, The potentially
detected aircraft must be illuminating the passively detecting aircraft
with its traexinpg radar and the detected aircraft must be positioned within

[ the passive detection pattern of the detecting aircraft, The tracking end

v

dctection patterns ave both assumed to be completely specified by & range

and a half-angle, The half-angle of the tracking radar is mcasured from

' an aircraft's nose and the passive detection's half-angle from an aircraft's i

I . tail (see Figure 5,2-3), Illumination by tracking instead of detection radar
is made a prercquisite for passive detection bcceuse illunination by detec-

| tion radar waa judged to involve an unaceceptably high falsc alarm rate,

The precediny general discussion deseribecs the function of the flow

chart in the lower third of the PASSIVE Routine, The complicaticns in

| the routine sll arise from the possibility that the fighter will not turn
I on its tracking radar as soon as poasible, preciscly to prevent the bomver
from picking up tae signal, The bomber will always turn it on within range

i as the fighter is sware nf the bouber anyucy, At the top of the flcw, if
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the opponent is en unawarc bomber, the fighlter cannot have the tracking )
radar on, thus the routine exits. If the opponent 1s an sware bomber,
the routine can immediately skip dovn end check the geometryy similarly,

if the fighter always has the tracking radar on (NUIND = 0), If NUIND ¢ 0 or 1

then the fighter docs not turn on the tracking radar until IFF is established

(ITEMP = 1) so that must be chepked.

T.. variable P, defines a cholce of doctrines, 1f Py » 1, then
the tracking radar is turned on only when firing a weapon, Whenever
o(MIS, 3) < At , aircraft J has just fired weapon ﬁIS. This msans that
the tracking radar of aircraf* j has just been turncd on, The progrem

loops through all missiles to check 1£ any have just been fired,

17 Py &1, then the alternative doctrine is usedt The fighter

turns on ite tracking radar when it estimates it is t(input) wseconds

(:: avay from first entcring some launch envelope (R(¢j) - Rt s 8ee Section
5.5.3,4), If ﬁ » 0 , the aircraft are moving away from each other, 1In
such cases, 1f R > R(¢j) the tracking radar will not be turned on, The
variable P, 1s initially 0, Once the bomber passively detects the
fighter, P, becomes 1, meaning that the tracking radar is on, and stays

2

Cn,

5.5.3." Tha R(°j) Function

This roustine {sce Volume III, page 32) establishes an earliest range
at vhich the tracking radar will La turned on, It {s self=-explanatory in

the flow chart,
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5.5:3.5 The AWARE Routine

The AWARE Routine (see Volume III, page 32 is designed to recerd the
elnock time within a simulated engapement for a given € and grid-point
at which the bomber first detects the fighter with its radar, optical or
prasive detection capability, The variable which represents this time is
tawArg ¢ Its velue is set initially to 1,000 (reconds) by the INITIALIZE

FLIGHT Routine, The AWARE Koutine uses this value &s a key in determining

whether the bomber detected tha fighter before the time pulse being conaidered,

" .

If Cetection does not otcur for an entire engagement, the value of t \WARE

remains 1,000, This value then appears in the program's printout to indicate

that the bomber did not detect tha fighter, When the value of t, .qr 1is
set, the varieble ICAN of the opponent ie sei to zero to allow firings, as
no further advuntage is to ba gained by surprise, Also, the ldeal firing
range, R* ig set to its smaller value, and the opponent, now that the
target i{s aware, will coma in closer, The AWARE Routina is activated Ly
the ACTIVE and PASSIVE Routines whenever they indicate that detectivu has
occurred, Also, since Cha bomber can become aware by being fired on, the

CHECK WEAPOWS Routine contains a duplicate of the AWARE Routine,

50503-6 Tha Gi(x) Routine

Gi(x) is the structural or acrodynamic limitetion on the number of
g's pulled by aircraft 4 traveling at speed x . I is determined by

interpolating across an input set of speeds, (See Volume IIX, page 33.)

If B, =1, then tha pilot is sick, and Gn(i) w 1 means that
the model will taka this into consideration; the pilct in a sick state

cannot pul) riore than 1,5 g's.
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5¢5:3.7 The gi(x) Routine

This routine (see Volume 111, page 33) finds the number of p's to be
pulled which just allows the aircraft to maintain speec 1re routine is,

in form, like tha G,;(x) Routine,

[}
5:5¢3.8 The Pi(v1 0 Bi) Function

This is the specific powar function referied to aa Pg in Sectien 4
and Appendix E, The routine (see Volume I1I, page 34) first must eveluate
x » tha number of total g's pulled by the aircrafi, This is necessary
because although the propram works with ; s the input tabla is in terms

of g'e. Then the interp.lation proceeds as Explained.

5:5.3,9 The égx! Punchion

This is equation (4,6-1), needed aftar determining the appropriate

nunber of g's, to relata this to a turning rate, (See Volume 111, puga 34,)
5.5.,4 ADVANCE RELATIVE COORDINATES

This routine (sea Volume 111, page 35) must first datermina tha
appropriate time pulse, 4t o When the aircraft are far apart tha relative
geomctry does not change so atruptly as when close in, and thus thrae values
of ot (tD) depending on the range (RTEST) era input., Once a smaller
ronge, and thus a smallar At , is used, howaver, the model will not

revert to a larger At if the range again increases,

The equations for the rata of change of the varisbles are from
Section 4,3,1., The decision as to whether to use the ¢lose in equations

(Section 4,3.2) depend% on the range being less than the sun of the speeds
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times At , If this is s0, then con:eivably using thc relative equations
(left hand side of flow) the range could go to zero in one pulse, The
equationa can also produce an ill-behaved © , noted in 4,3,2, Thus,

the right side of the flow ig used instead.

The valucs of R , OF and ap are determined by edding the value
of each during the previous tima pulse to the change in its value exper-
ienced during the given time pulse, After values of °F and “F are

deternined, they are used to determine the values of ¢, and L these

being the negstive aupplementary angles of Os and ¢F » respectively,

(See Figure 5,5-5,)

LINE OF
SIGHT

Figure 5.5=5 Determination ef o

and ’B

B
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In order to assure that rhe angles remain in the interval [~ w, ]
for all subsequent operations, the PV(x) Routine (Section 5,5,10,1)
is applied in 211 instances in which an angle is incremented in the given
time pulre, The "sgn" fuinction (Section 5,5.11,2) appears in the last tvo

equatiorne in ordsr to guarantee that the angles remgin in the inteirval,

5¢5.,5 TRANSFCI! TO INERTIAL COORDINATES Routine

TRANSFORM TO INERTIAL COORDINATES (ses Volume III, page 36) Jdetermincs
the positions in ths inertial coordinate svystem which the fighter and
bomber attain after executing thsir msncuvers in a given time pulse, The
(x,y) coordinates of the aircraft are needed for output purposes to provide
8 grsphic presentation of the flight maneuvers performed by the eircraft
during an engagement, Ths coordinates sre printed out at regular intervsls

es govsrned by the setting of t* , the print interval, in the PRINT Routine,

TRANSFORM TO INERTIAL COORDINATES f£irst establishes the x, y coord-
inates of the bombsr (B), The (x, y) coordinates of the fighter (F) are
then determined by adding the relative coordinates of F with respect to
B to the (x, y) coordinates of B , The equations used to find the
inertial coordinates of B are atated in equation (4,3,1=5) using Figure
4.3-2, In addition, the change in velocity is evaluated et the end hers,
This logically must be done either at ths end of TRANSFORM TO INERTIAL
COCRDINATES or befors NAVIGATIONAL SYSTEMS so that all the equations use the
sane velocity, In order thst in the first pulse of che simulation the

sircraft move et the input speeds, this incrementing is done at the end,

The procedure employed for determining xg and Yg ia executed
quickly by a digital computer, This is an important consideration because

this calculation is a part of the basic cycle of ths ENGAGEMENT Model, a
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series of instructicns execuced many morc times than any other instructions
in the model, The errora ilnvolved in applying this nethod are not severe,
1f B is on a circle for a perlod of time, the procedure typically yields
ar error in B's coordinates of 1% of the radius of the cirele for a guarter
cirele turn and vlrtually no error for & half«circle turn. These figuires

apply to a time pulse length of U,1 seeconds,

The equations used for detcrmining F's inertial coordinates are
shown in Equation (4,3,1-6) using Figure 4,3-3, where R, ¢p and By
are obtained by ADVANCE RELATIVE CCORDINATES. These equations siuply resolve
the distance R between B and F into x ard y components and add

then to B's inertial coordinates to obtain P's inertial coordinates,

The inertial coordinates of F car be computed directly in the same
manner as those of B from equation (4,3,1-5), The set of cquations
(4.3,1~6) were adopted instead of computing xp and Ty beeause indepen-
dent comnutation of Xz » Yy and Xp 2 Yp could lead to a eurmulative
discrepaney in the apparent relative positions of the aircraft due to the
approximate nature of the equations (4.,3.1-5). Since the dceisfon rules
incorporated into the ENGAGEMENT Model, which govern the selection of |
aircraft meneuvers and the time at which weapons cen be fircd, opcrate on
the rclative position of the two aireraft, accurate presentation of rclative

position was considered sufficiently impurtant teo dictate the adoption of

equations (4,3,1-6),

1f the "closc in" equations were used in the ADVANCE RELATIVE COORDINATES
Routine, then it would be lopically unnecessary to reevaluate the inertial

coordinates here. Fo. programing convenicnce it is done anyway,
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5:5.6 The FIND G1 Routine

The FIND G; Routine (see Volume III, paga 36) sets the velue of Gy
to the number of total g'e attsined by aircraft £ in e given time pulse,
The routine is executed twice, once for each aircraft, The valua of Gi

determined by tha FIND G, Routina is operated upon by the CHECK WEAPONS

i
Routine in a given time frame, In the CHECK WEAPONS Routine, a firing
aircraft's G1 iz compared with tha maxim'm total g's at which each
evailabls weapon can be fired. The G; of the target eircraft is used

r*o select tha proper firing enveloper to be used in evaluating whether

the target aircraft may be fired upbn for <ach of the firing aircraft's
avaiiable wezpons, The rest of the flow relates to tha sickness of tha
pilot, Tha value 0, describes the lack of oxygeﬁ in the pilot's head,
ranging frem 0y = 0 , meaning the pilot is &ll right, to 01 = 1 , meaning
tha pilot is *oo sick to maneuver, Eight g's ara too much for the pilot

in any case, More than four g's causes a loss of oxygen, thus &n increase

in 0, . tkz amount of loss, depending on G1 » the number of g's, 1f

G1 < 1,5 , then orygen returng, reducing Oi .

Whenever 0, becomes equal or greatar than 1, tha value of B,
is set to 1, meaning tha pilot is sick. Initially it is zero., Once
B; =1 3t is not set to zero until the oxygen debt 01 w 0 g~ain, éi
keeps track of the length of time the pilot im sick and s0 is incremented

appropriately,

The variable GB(i) is an input which indicates vhether to exercise the
copcept of pilot sickness in maneuvering. Sick time is elways evaluated,

but only if Gs(i) is set to 1 will the pilot's turning rete be affacted,
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Thus, if Gp(d) ~1 and By =1 , the pilot is restricted by the g, (x)

routine to less than 1.5 g's, and there is no need to check for that herc,

The CHECK WEAPONS Routina (eee Volume III, pege 37) eveluatcs vhat

weapons ere to be firad this pulse, Four conditions ere considered,

(A) The geometric rastrictions.
(B) Amaunition eupply.
(C) Firing rate,

(D) 1If used, the sickness of the pilot,

Over the course of e simulation for each ¢ and eech gridepoint, the

routine determinest

(1) the aumber of ehots fired of eech weapon typa,

(2) the time ¢ , if any, et which each weepon type is first
fired; and

(3) the total tima tyzs(i) witbin an engagenent during
vhich each waapon's firing raquirements (A) end (B)
are setisfied,
If there are interruptions in satisfying (A) tyyg(i) i tha sum of the
durations of the periods in which (A) is setisfied and ammunition is left,

Ho initial weepon system reaction time is provided for in the routina,

The first shot 4s fired the instant conditions are setisfectory,

Th2 CHECK WEAPONS Routine evel utee engagenent conditions in view of

various restrictions due to relative geometry and pursuit dynanics,
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First, at some time before firing the terge” must be positioned
within the IFF recognition pattern of the attacker, This requirement
applier to all weapon types (axcept tail guns) within the firing aircreft'a
configuration, The IFF recognition pattern is defined dy a range and hslf-
angle measured with respect to the attacker'e nose., Establistment of IFF

is recorded by ITEMP(i) =1 ,

General requirements for firing are, starting from the top of the flow,
that either the detectior or optical sensors nust perceive the target;
that IFF be estsblished, as 2lready noted; then coae; the doctrine
decision to fire determined by ICAN (Section 5,5,3,5). Next the tracking
radar requirements must be satisfied, The CHECK WEAPOHS Routine does not
terminate if some of these requirements are not met, Inatead of “RETURN"
the flow goes to (:) which says to consider the last missile, nn(i) ’
the tail guns, These do not need certein of the ususl requirements for

f£iring,

If the general requirements are satisfied, eachlmissile is considered
eeparetely at the box subsequent to (g) + If the missile cannot be
fired, the flow goes to (:) vhere the next migsile ia conaldered,

Two limitations are checked which may be different for each misgile: The
tracking angle and the g's of the attacker, The case of tail guns is
checked separately (off to the left), since » - a is its "tracking" angle,
rather then o , If the amount of ammunition expended, k(MIS, i) is less
than the amount originally on board, N(MIS, i) , then there is ammunition
evailsble and the weapon ie checked against its envalope, This final set
of requirements includes maximum and pinimum ranges for the firing of each

tyre of weupon, for which the RHIS ’ R;IS Routine is uscd, These ranges
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are expressed as a function of the target's lateral g'e, the average of the
two aircraft's speeds, &snd thc attacker's angle off the target's tail,
In addition, miseiles one and two may be required to fire outside a

minimum renga RFLOOR,

1f the ranga betwean the firing and target aircraft fells between
EQIS and Ryyg , and the pilot,ic not eick (see next paragraph), the weapon
way be fired eubject to tha maximunm firing rate., If these range requirements
are mat, the quantities tHIS(i) and o(MIS, 1) are incremented, The
varisble t,,c(1) dis tha length of time in the envelope of weapon type MIS,
sand  oQMIS, 1) e the time since the last firing of MIS, A check is then
performed to determine if this weapon has bezn fired previously, The latter
check is accompliehed with the aid of the ENVELOPEFSH(MIS, i) switch, At
the beginning of an engapement, this switch is set to the value OFF by the
INITIALIZE FLIGHT Routiné. It remains at this satting untii the first of
this weapon type is firad. When this occurs, the switch is set to ON, and
the clock tf » and quantitiee thet dascribe flight conditions for the given
time pulse are stored, These quantities are the range between the two

aircraft, tha attacker's tracking angle o, and tha angle~off 01 o The

i
values of these quantitias at this time are identified as RESULT(MIS, 1),
Setting the value of ENVELOPE SW(MIS, 1) to OX preveants RESULT(MIS, 1) from
being replaced in storage by a new set of values in soma subsequent time

pulse,

1f Sp(i) is 1, then the oxygen debt concept ie to be exercised,
1f oi = 0 there is no oxygen loss, and 0i = 1 means the pilot is sick,
As mentioned in Sectioa 5,5,3.6, a variable Gy (1) determines whether the

pilot's sickness affects his turning, Similarly, Sg(1) = 1 means that the
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01 affects his veapon firing rate, If 01 = 0 , then firing should proceed
at the input firing intervel, «t . If 01 = 1 , then firing should not
teke place, or, equivelently, the fir!ng intervel is infinite, The expon-

ential function in the flow forms a continuity assumption about this intervel

between firings es the oxygen debt increeses from 0 to 1. The logie requires
thet this Sp end 01 be checked twice (once on the middle of tha page,
once near the tottom), This is because the oxygen debt can be & requisite
for first setting the ENVELOPE SWITCH to ONj thus it must be checked indep-

endently there,

1f the envelope switch is turned on this pulse, then a duplicate of
the AWARE Routine (Section 5,5,3.5) is exercised and from there the procedure
is the same whether or not the envelope is first being entered, If chis
is the first firing of this weepon, then there is no deley and the eircreft |
fires immedietely, the oxygen debt permitting, The 1t dintervel quezt’ua cen
then be ignored, Firing is indiceted by the box in which k(MIS, 1) , »
incremented, In addition, the time of the firing end the characterictics
of L are recorded, This verinble 2 keeps track of the last weapon
fired, MI(2) , which aircreft fired ir, IA(L) , end the time of firing,

T(L) &

The cycle is repeated for eech weepon in an aircraft's configuretion

for cach time pulse,

5:5.7.1 The Ryyg » R;IS Routine

The RHIS ’ R&IS Routine (see Volume III, page 38) is en interpolaticn
procedure, It determines for a given weapon, the minimum end maximum range

constreints, These depend on the cngagement conditions at the time, es
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specified by the aircraft velocities, attacker's angle-off, target's total
g's and direction of turn, The routine is used exclusively by the CHECK
HFAPONS Routine. Data upon whilch the Rys o Rﬁls Routine operates are
input in tabalar form, The tables describe firing envelopes within which
the firing of & waapon can occur, Tha tables are for given values of
aircraft speeds (assumed to be'tha averages of the attacker and target
speeds) and the target's latoral g's. A diagram of a firing envelope

is shown in Figure 4,4-1,

. .
The RHIS . RHIS Routine linearly interpolates along both the average
velocity and the target's lateral g's. There ara six firing tables for

each weapon type, a pair of tables for each of three values of the target's

lateral g's, Each pair consists of a maximum rangé table denoted RFK(V. » O)

and a minimum range table, R;K(V. ’ ob} + The entries for a given Ve

in a pair of tables describa a firing envelopa such as that illustrated in
Figure 4,4-1, In this diagram, j is the targat and 1 1is the attacker,
The target is traveling to the right, The firing tables apply to a target
aircraft exacuting a right turn (éj > 0), The firing envelopes which
apply to a left turn are obtained by raflecting the right turn envelopes
sbout the target ajrcraft's longitudinal axis, This is acconplished in

the CHECK WEAPONS Routine through the gquantity o, which is equal to ¢1

1
if the terget aircraft is making a right turn snd is equal to = ¢1 if

the target sircraft is making a laft turn,

After determining the o of the table closest to the o, of a
given time pulse, the Ryxs * RQIS Routine determines tha tabular values
of g's bracketing the target's present g level, The target's g's are given
in terms of total g's at this puint in the program, and a conversion to

lateral g's is effected, If the number of lateral g's pulled by the target
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is beyond the extremes of the tabular g'a, the routine takes the firing

ranges for the last two extreme tabuler values and extrapolatea.

Having determined the upper and lower tahular g'e, the routine selects
the two range tablea correaponding to each of these tabular g'e, PFrom these
four tablea linear intarpolation ie performed om valocity to arrive at four
rnnie values, valuea of minimué and maximum firing rangee for the two
ealected tabular g values, Thesa quantities are demoted I, 2y » Z, and
Z! in the flow chart of tha Ryc Rﬁls Routina, Ueing these quantities,

L
thr routine then interpolatea with respect to latéral g's to obtain the

1

5.5.8 The PRINT Routina

The principal purpose of the PRINT Routine (aee Volume III, page 39)
ia to provide deta for piotting each aircraft's position in inertiesl coordi-
natea aa a function of time. The input t* defines the amount of time
between succeaaive printings of the (x , y) coordinates of each aircraft,

Of course, t* ahould be an integral multiple of tha tima increment At ,
Other outputs printed includa:

t = tha tine

R =« the range
and for each aircraft:

k1 atcte (sea Figure 5,5-4)
n, state (eea Figure 4,7-2)

8T(i) statur (sea Section 5.5.3)
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5¢5.9 :h! OVER Routire

The OVER Routine (ase Voluﬁe 111, page 39 determines vhether or not
the conditions which terminats an engagement have been mst, If these
conditions have been met, OVER will cauvae & branching to the RESULTS
Routine which stores pertinent data, If the conditions have not been met,

control is returnsd to COMBAT for snother iteration,
An engagement is terminated by any of the following conditions:

(1) Neither comhatant has information about the other and the

current value of t is greater than the input tHIN ’

(2) the current valve of t is greatsr than *the input tuax » OF

(3) the range R 4is lesa than the input RHIN .

If an engagement is terminated, the valus of time t is aaved as tiAST *

the duration of the engagement,

5.5,10 The RESULTS Routine

The purpose of the RESULTS Routine (see Volume II1, page 40) is to
store informatior which describea the final resulta of an engagenent for
eventual printout and use in the DATA PROCESSING Model of ATAC-2, The
RESULTS Routine operatea once for each prid-point, A check is first made

to deteruzine the awareness of the b .t»r, The informaticn stored includes
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the initial conditions of an engagement, ths rasuite and an identification

o . AT S AR AT TH A T W P BT AT WS B ie:

of the corputer run. Specifically, the items stored are:

(1)

2)

3)

C))

)

(6)

M

(8)

(9

(10)

ID == the combuter run's identification which includes the
run number, altitude of engagement, aircraft identifications

and weapon identificationa}

€ — the initial croaaing angle af the bomber's and fighter's

flight paths}
GRIDPOINT == the numbar of the grid-point for the given ¢ }

tAWARE ~ the time at which the bomber became awsre of the

fighter, It is set to 1,000 if the bomber never becamc aware,
t;asT — the duration of the engagementj

RESULT (MIS, i) = the values of time (t), ranga between
aircraft (R), i's tracking angle (a,;), and tha angle-off

(01) at the first firing of each type weapony

tyrs (1) ~ the cumulative time during which aach weapon type
could have been fired if thera wera mo restriction on firing

rata and ammunition limitation;

F =~ a factor, used in the DATA PRGCESSING Model, which is a
function of the fighter's active detection pattern and the

relative velocity of the two aircrafty

The history of weapon firings showm by: &, MI(2) , TA(R) , T(2);

Si == the length of time each pilot was aick during the engagerent,
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5.5.,11 Gen=2rnl Purpose Routines

5.5.11,1 The PV(x) Function

The PV(x) (principal *ralua) Function (see Volume III, page 40)
determines an angle that ia both equivalent to its argument and in the
interval [; %, 7], It insures that the principal value of an angle will
enter into subgequent calculatione when sn angle is obtained by the
addition of two other angles, Tha function is defined to be:

x , if |x| < .
PV(x) =« (x=~-2v , 1if x> l. ’

x+2x , If x<~-%v ,

It is sufficient to subtract or add 2n to obtain an angle in the interval

[= v, %] aquivalent to the argument, because each of the angles added to
obtain an argument is always less than = in absolute value, and no more

than two sngles are ever included in a sum, That the angles will be
restricted to the interval [~ w, w] is assured by applying the FV(x) Routine

whenever two augles are added or en angle's value Is incremented,

5,5.,11,2 The SGN({x) Function

The purposa of the SGN(x) Function (see Volume III, page 41) is to
give the sign of its érgument. It is used in various expressions for the
sake of brevity, The function is defined as

1 , 1 x>0 .

egn(x) =
-1 , if x <0 .
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5.5,11,3 The O(x) Function

The purpose of the Q(x) Functiorn (see Volume III, page 41) deternines
the quadrant of ‘its argument, It is used by the GRID PREPARATION Routine
to determine the quadrant of SB and Bc vhere the values of the angles

are confined to the range [~ %, ), Q(x) is defined to be

[l . 3 %/2>2x20 ’

3
-

if 2> x> x/2 ’

Q(x) =~ ¢

|3, 4f ~T<x< -2 ,

\ 4 , $f -W2<x<0 .
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SECTION 6

DATA PROCESSING MODEL DISCUSSION

6.1 Introduction

The purpose of the DATA PROCESSING Model (DPM) is to compute various
conditional probabilit.es of kill of the combatante in the ENGAGEMENT Model
(rM). Being e separate program, the DPM utilizes the stored results of the
EM along with its own inputs to ccmpute these probabilities. The basic
results of the EM are the sequences of firings of cach combatant for each
engagement; the basic inputs of the DPM are the individual single shot
probabilities of kill of the weapons fired by the combatants, One can
perforn porametric variations on these weapon probabilities or one can
vary ihe weapon loads of each combatant in the DPM while utilizing the

same results of the F¥, thus making re-runs of the E unnecessary,.

An encounter will mean a random engagement, The objective of the DPM
is to render probabilities of kill for an encounter, independent of initial
conditions, from the individual results ot each engagement, To obtain
probabilities associated with an encounter, the probabilities for each
engapgerent are averaged, so to speuak, over all grid-points to obtain
probabilitiea as a functfon of ¢ , the initial relative heading anple,
Thes: probabilities are in turn averaged over the various valucs of ¢ to

obtain the s=rncounter probabilities,

Section 6,2 delinestes the methed of obtaining thc engapcment probabi-
ities, while Section 6,3 contains the derivation of the encounter probabi-
lities from the engagement probabilities, The expected number of eneny

aircraft killed over an aircraft's lifetine is derivge an Section 6,4,
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Finally, consideration is given to tha computatiovnal aspects of evaluating

the above probabilities in Saction A,5,

6.2 Engarement Probabilities of Kill

In this section tha concern ahall be with the calculation of tha
probability oflkill of tha combatantr. of the EM based on the information
provided by the EM and thé separate inputs of the DFM. For each engagement
tha EM provides a list of times of 11l weapon firings, The single shot

probabilitiea of kill of varioua veapons are used by the DPM only,

Throughout thia aection the(tarms "killed" and "aliva," or "dead" and
"survived" are used to dascribe the condition of an aircraft at some point
in tima., Ko partial damage i8 considered in this mode1£ a weapon either
totally destroys its target or leavea it unharmed., In a sense, the DPM
restricts the firings of weapons. A weapon ia conaidered fired in tha
IPM only if its target is alive at the time of firing. The weapon takes
an amount of time ¢t ("time of flight") to get to target whereupon it

either micses or destroys the targat,

Consider an engagement in which the EM indicated various weapons
ware fired by esch combatsnt, Lat z be the total number of weapons
fired by the two aircraft during the engagement, Also let T(R)

(=1, 2, ¢ve, z) ba the time at which the £th veapon was fired, The
tines are in ascerding order; the ath wveapon was fired before or-at the

sanc time as the (& + 1)5¢ , hence, T(1) <T(L +1) , Lw]1,2, s4su; 2~-1,

Associated with time T(2) is the aircraft that fired the ath wespon,
JA(L) , and the weapon type, MI{%) , The aireraft, IA(2) , takes values

of i and j {(or F and B), The missile number, MI(L) , is the type
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rumber of the weapon fired; thare may nave been many firinpgs of this
weapon type by an aircraft during an engagoment, Let the single shot
probability of kill associated with the Lth firing be P;(HI(L), TACL))

Thesa probabilities are tha basic inputs to the DPYM,

A vappon fired at time T(L) hits its target at time T(2) + te .
Supposa then that the probability that aircraft J d4s killed during the
engagement is desired, Let P(L) ba tha probability that aircraft J is

1)

dead at time T(L) + t, + ¢/, just after the possible hit of the ptb

£
veapon, (It is evident that the time dependent probability of kill may
be uniquely described by P(L) since an aircraft may be killed only at
times T(L) + tg + 0,) Let p(L) be the probability that the gth weapon

alone == and no other weapon -=- kills aircraft J « Then the guiding

relationship throughout this developmznt is that

]
P(R) = 2, pm) . (6.2-1)
n=l
This is interpreted as the total probability that aircraft jJ is dead at
time T(L) + te 4+ 0 is equal to the sum of the effects of all weapons that
could have hit (and therefore killed) aircraft Jj -- all those that hit

on or before T(l) + te o From (6.2-1) it is evident that

P(E) = P(2=1) +p(L) , L =2, 3, veey 2 o (642=2)

n The notation + 0 and - G 41is needed to describe whether the point
in tine T(L) + t, 4is or is not included, Here the time of the hit
must be included,
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Then hsving derived P(1) and p{(2) , the probabilities P(L) may be
computed ssriatim for £ = 2, 3, 444y £ « The major portion of the bslancs
of this scction ia devoted to deriving p{2) . Equation (6,2~2) is used

in the DPM, It is a general equation with £ es an index of the tims order
of the interlaced firings by the two eircreft, Two baaic cases arisa} ths
pth weapon could have been fired by eithsr aircreft in the EM, For the
trivial ceae that aircraft j fired the ztﬁ weapon at time T(2) 1t |

is clear that thia will not affect ths lﬁrvival of J at time T(2) +tg +0,

Hence :

P(l.) = 0 , 1if IA(R) = J. (6,2-3)

Now consider ths other case} the EM indicates that aircraft 1 fired

the 1th

weapen at eircraft j , that IA(2) = i , In this case p(L)
will, in general, not bs zerc, Tne event that the pth weapon kills
{hite) sircreft j will now be described in terms of an squivalsnt set

of events, the probabilitiea of which are more easily obtained,

For tha 1‘5 veapen to kill aircraft J it is neceasary and aufficient

for the following three events to teke place:

A) Adreraft J 4s alive just before ths poasible hit of ths
gth wespon,

B) Alrcraft i is alive to fire the pth wespon,

C) The Lth weapon, in fact, hits aircraft J and thereby

killa it,
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Further, the single shot probability of kill of the 2P weapon,
P;(Ml(t), 1) , is by definition the probability that the target is killed

by this weapun, given that the weapon 1s fired and the target is alive to

be hit by it, Thus,

Py (MI(2), 1)

Pr {nth weapon kills j|j alive at
T(L) + tg - 0, 1 alive at T(2)}

Pricla, B}

But

p(2) Pric, A, B} ,

thus

p(2) P,:(MI(!.)., 1) PriA, B} . (6.2-4)

This means the probability that aircraft j§ survives to T(R) + tf -0
end i survives to T(L) 1s required, This joint event is further

decomposed, Consider the events

D) Adrcraft j survives from T(R) to T(R) + ty -0,

and
F) Adrcraft j survives to T(2) .

Event A is equal to the joint event D and F, The probability of thc combined

events of A and B nay be obtained as follows:

Pr{A, B} = pr{F, », B} |
= Pr{p|F, B} pr {F, B}
- Pr {j survives fron T(L) to
T(L) +tg~ 0|1 andf both

survive to T(L)} Prii and j
both survive to T(z)} . (6,2-5)
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These probabilities, being the final decompoeition, will now be derived,

Consider the probability, Pr {F, B }. of the event that both aircraft

are alive at T(L) . This event obteins if and only if all weapens that

could hit either aircraft before T(f) in fact do not, Let q(t) be

this probability,

q(2) = Pr{F, B}
k ]
- H1 [1 - P (MI(n), TA(R)] , (6.2-6)
n=

where k is the last weapon (if any) that could hit before T(L) 3 k is
the largest integer for which ' .

T(k) + t, < T(R) . (6.2=7)

4

If there is no k > 1 which satisfies (6,2-7), Pr {¥, Bl =1, by
definition,

The second factor on the right side of (6,2-5) has, therefore, been
obtsined as (6.2-6), The first factor, the probability that J survives
from T(L; to T(R) + te = 0, given both survived to T(1) , is now
required, This probability is Fr{ DIF, B] and will also be termed y(R)
herzafter, By the above argument, aircraft j is killed during the tine
interval T(t) to T(1) + t, - 0 , given both aircraft survived to T(1) ,
if and only if all weapons that could hit aireraft j in this time interval

in fact do not hit, Thus y(2) 4is the product of the gurvival probabilitiecs

over the set of wespons that c¢ould hit in this time interval, The kth

weapon, defined in (6,2-7), 18 not in this set; by definition the kth

- 119 -




weapon hits before T(2) . But it is the last weapon to hit (possibly)
before T(L) ; therefore, the (k + 1) st weapon hiss (possibly) after T(R) .
On the other end of the intexval, the (L - 1)5t weapon is the last to
hit before T(L) + t; - 0 . Therefore, the relevant aet of weapons, indexed
by n , that could hit in the intervel T(L) to T(2) + te - 0 , consists
of n=k+ 1, K+ 2, ooy + =1, It followa that

-1

y) = 0 [1-PMIMm, D) ,  (6.2-8)
n=k+l

vhere it ia understood that the product ia taken over only those weapons
n for which IA(n) = i , A singularity occurs here when the (k + 1)5t

weapon la the pth + No weapons can hit in the interval and y(2) =1,

if k+1l=1¢,

Combining the above, p(L) may be obtained, From (6,2-4) and (6,2-5},

1f IA(L) =1,
p(t) = R (MI(2), 1) Pr{D|F, B} Pr{F, B}
= PLMI(2), 1) y(H q(®) .

Thus in (6.2-2) P(L) 45 obtained for 2L = 2, 3, c44, Z .

It remains to deternine P(r) for R =] , Define P(0) to be the
prcbability that aircraft J 1s dezd before the first weapon hits., Then

P(D) = 0 , Using (6,2-2) it follows that
P;(Hl(l), 1) , 1f I1AQ1) =1

P1) = p(1) = (6.2-9)
0 s Othervise .
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One more special case remains, If k does not exist, y(L) is not
defined by equation (6,2-8), This corresponds to the eveut that ths gth

weapon is fired before the first weapon hits the target, Then

TQA) +t. > T(L) (6,2-10)

Then clearly both aircraft are 'allve with probability 1 at T(L) . So
y(2) 48 just 1 = P(% - 1) , the probability that aircraft j -survived
the first £ =1 firings, Hence, for any & for which I4(1) = i gnd

(6.2-10) hold, P{2) is given by

P(L) = P(2=1)+ [1 =P(2 = 1)) r;mx(z), 1), (6.2-11)

Thus, P(t) , the probability that aircraft j is killed at time T(L) + te 40,

may be computed for all values of L , By extending this process through tc

the last weapon fired, within the combat time 1imitations of the aircraft,
the probabilities of kill for the engagement is found, Of course, by

switching the aircraft to which {4 and j are assigned the probabilities
are computed for the other aircraft by repeating the above process, These

probabilities are called P?(e, n) as explained in the next section,

6,3 Encounter Probabilities

This section presents the derivations of the kill probabilities for
a random engagement —- an encounter, The process by which these
encounter probabilities are obtained is basically an averaging of
engagenent kill probabilities with appropriate consideration of the con-

ditional events,
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In the previous section it was ghowm how the individual engagensent
probabilitics of kill were obtained. The aection defines an algoritim by which
these probabilities are computed, Now, each cnpagement has associated with
it an ¢ , the initial relative heading and an n , the grid-point, Together
they define the initial conditions of an engagement, Heretofore this nota-
tion has been suppressed when discussing P{L) ., However, it is required
henceforth, Each individual engagement probability will be indexed by ¢ ’
and n , Also, further capabilitiea require special notation, It is
interesting to compute the individuzl engagcment probabilities of kill of
each aircraft with its lethality supprcesed, This gives a measure of the
effect of that aircraft's weapona on its own survivability., The condition
of the supprcssion of an aircraft's kill power {the single shot probabilities
of kill) is indicated by the value of an index m 1in the following discussion,
If m has a value of 1, then aircraft 3j's single shot probabilities of
kill of all its weapons are taken to be zero in what follows. Hence
P?(c, n) for m=1,2 and § = F and B ave thc probabilities that
aircrait j 1s killed in the engagement identified by ¢ and n where
the value of m 1n&icates that 3'e weapons werc or were not auppressed,
respectively, These probabilities are obtained from the above {Section 6,2)
algorithm by setting the proper va'ucs of 4 and § and m, If m is
get to 1, then Pl:(rxls, ) 20 for allMIS, If m=2, RIS, §) ie

] .
get to the input single shot probabilitics of kill, Pk(HIS, 1) .,

One last introductory comsideration must be pointed out, All the
above probabilities apply to engagements in which the bonber became awarc,
The other case, in which the bomber was totally unawarc for sour cngagenent,
requires special consideration, For this casec P;(c, n) 1is defined as the

probability that the bomber is killed for the enpagcment defined by € and n
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Further, this probability is defined only for those engagements in which the

bomber was unaware, In such engagements the probabilities P?(e, n (mh=1, 2)

are not defined, There is nc anulogous probability for the fighter since it

is always pware,

1 " To obtain the kill probabilities as a function of € only, independer-

- of the grid~points for that ¢ , let P?(e) be *l.e orobability that aircraff
i 3 is killed, for an initial relative heading angle of ¢ , given that the
bomber was aware and given the previously described condition indicated by

the value of m , Likewise, P;(e) is the probability_that the bomber ie
killed, given it is unavare for the value €, Also let Hu(c) be the number
{ | of grid-points, out of the N possible,:in vhich the bomber was unaware for

»E the value € , The distribution across grid-points is assumed to be uniform,

i.e., one grid-point is as likely as another, Then

) 1
2: Pj(e, n)

i

P‘;(c) - E'-—;--—-;:;_ y 1f N(e) <N ,  (6,3-1)
(e
[\ and
% N
. | , Z Pﬁ(‘t n)
Py(e) = nrl o Af N ()P, (6,3-2)
K, ()

vhere the summatisns in each instance are taken over the'cases which apply;
there will be K =~ Nu(e) terms in the summation to cbtain P?(c) and
Nu(c) terms in the surmation to obtain P;(e) + There may have been no
case in which the bomber was unaware, however, In such & case P;(e) is
undefined, Likewise P?(c) is undefined if Nu(c) = N, The values are
arbitrarily set to 2 in such cases for identification; the values are

.; ( innmaterial since the kill probabilities will be comhined with probabilities

of ewareness and unawareness, which will be zero in the undcfined cases,
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To complete the probabilities at the € level two more quantities are
defined, Let PD(c) be the probabiiity that the fighter detects the
bomber at an initial heading arpzle ¢f ¢ « This probability is derived
sepsrately, in Appendix A, Also, Pu(e) is the probability that the
bomber is unawvare given the fighter detects the bomber for an initial

relative heading angle of ¢ and is computed as
Pu(e) = Nu(E),N . (603'3)

This completes the necessary probabilities as a function of ¢ , and lecaves
the averaging across values of ¢ to obtain the relevant probabilities

of ki1l for an encounter — independent of the initial conditions,

First considerations are to the method of averaging, The results for
each value of ¢ are Intended to represent engagements that arise from
detection within an arc portion of angular width Ae about a circle or

semi-cirele (see Pigure 6.3=1), The first and last values of =« , &y and

€y respectively, have special meaning, ¢, is set to 0° for the symmetric

1
semi-circle or - 180° for the asymmetric csse, vwhile €, i5 always set to

180°, The arc portions represented by £ and €, are esch of width Ae¢/2

only, Thus, in the following averasging process the results for the €y

and €y values are discounted by 1/2 each, resultinz in a total weighting

by all ¢ of Ne = b

Since the event of detection is a basic condition on almost all of the

probabilities éo follow, the probability of deteetion for an encounter, Py

is obtained first, From the above consideration,

EES PD( C) bl EEE PD( c)
PD La C_ o2 . (6l3"")
K -1

E
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Arc Portion
Represented
by Second

Arc Portion
€ Represented

by €y

Figure 6.3-1 Arc Portions Pepresented
by ¢'s
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F Then PD(ﬁ) . Pu(c) is the probability thet the bomber is unaware
and the fighter detects the bomber for the value o7 e . Summing as before

ovar velues of € gives

Z ?pe) P (e) + .5 Z By (e) P, (e)

3 €,€2
P ow —edl? Le ,  (6,3-5)
u Kg - 1

the probability that the bomber is unsware and 1s detected for sn encounter,
And the probability that the bomber ig unaware, given that it ir detected

for an encounter is given by
- . (6o3"6)

For the encounter probabilities of kill let PK; be the probability

|} thst the bomber is killed, given that it is vnaware and detccted Ly the

fighter, Then

Z : P (E)PL(E)PR(E) + .5 E P ()P ()P (6)
efey, 5 €152
PKy - : ~= oy (6.3-7)
P (N, ~ 1)

Similarly, let PK} be the probability that afrcraft J is killed,
given that the borber is aware, and the fighter detects the borber, and

eircraft j does not fire; let PK§ be the szme probability vithout the

condition of no firings by eircraft j . Then

PO = B(©)] Fe) + .5 D B0l = P (0] (0
" m LT - Lt
3 (Pp = B (N, = 1)

{6.3-8)
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for m=1and 2 and j = F and B, Notice that P, Pu PD(l PuID)

is the probability that thc bomber is detected and aware for an encounter,

Further encounter probabilities are of interest, Let PKF and PKB
be the unconditional probabilities of kill of the fighter und bomber,
respectively, Noticing that the fighter may not be killed without the

bomber being aware, it follows that

2
PKF = PRy Bp(l - i) I ()

2 .

Also, let Pgp and P be the unconditicnal probabilities that the

SB

fighter and bomber, respectively, survive, Then

and

Pep ™ )l - PKB . (6,3~12)

These probabilities are of interest in computing the expectations EKB

w.d EKF (see Section 6,5).

Let Pe(r, n , Pe(c) and PKE be the probabilities of kill and
detection of th. bomber on or before it is aware (mnemonics are e, E for

early), for

1) the cngagement,
2) the value of ¢ and

3) encounter, respectively,
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Tte probability P.(e, n) 1s obtained from P(%) for the largest value

of 2 such that

T(L) < tyuare

for the applicable engagement, The other probabilities are

N
Ple) = QA/M) 3 Pole, m) »  (643-13)
n=1
=
"Z Pple)P, () + .5 Z Ph(e)P (c)
= of 4 W 2 Ef,E
PKE = o2 . . (603"'14)
N, -1

Let Si(c, n) , 5;(e) and S, be the expected fraction of combat

i
’) time that the pilot of aircraft 1 spends in a condition such that 01 >1,

& "sick condition," for

1) an engagenment,
2) the value of ¢ , and

3) an encounter, respectively,

The value S (e, n) is obtained from each engapement directly, (see

Section 5,5,10), Then

N
S;(e) = (1/N) nZ=-1 S;(e, n) (6,3-15)

and
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*IE: Po(e)Sy(e) + o5 D, Py(e)S;(c)
e¥erne) €1+%2

s, = , , 1=F, B (6,3=16)
Py (N = 1)

since the occurrence of engapgcments at an € 1s given by Pp(ec)

In the above manner various mcasures of the performence of each

aircraft in an cncounter are obtained from the results ¢f each enpagement,
6,4 A Measure of Effectiveness

In an attempt to develop tactics cmployed by the combatants in an air
duel, one must evaluate the performance of the combatants in light of their
objectives, To evaluate this performance various measures of effectivencas
are employed, Yet quite often these nieasures d¢ nct reflect the objectives
of the combatants, For examplc, to maintain that the probability of killing
the target is of utmost importance is to neglect the survival of thc air- .
craft for use apainst future targcts, On the other hand, to maximize the
survival probability is to neglect the purpose of engaging the enemy, In
ahcrt, what is needed here is a concept that encompasses both probabilities
of kill and survival; a trade-off between the two, Such a concept is
Eég) . the expected nunber of targets an ailrcraft will kill over a useful
1ife of at most n sorties, The cxpectation involves the concept of
killing the enemy while placing iﬁportance on survival ao &5 to kill sother

enemies in the future. The present section derives this expectation,

Consider an aircraft which will fly n sorties 1f it survives the
enemy defenses, (For various rcasons such as maintenance, obsolescence,

replacement, cnd of war, accidents, etc,, an aircraft may not fly more than
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n aorties even in the absence of encmy defcnses,) Let thc probability
that the aircraft survives the duel on the first sortie be Pg « Then the
probability that the aircraft lives to fly ihe gecond sortie is Ps « By
"flying & sortie" is meant that the aircraft at least starts the soitie
and gets into combat, The probability that the aircraft flies the third
sortie is PS times the probability that it survives the second sortie,

or Pg « Hence, by Induction the probability that the aircraft flies the

kM sortie is P:"l « Then Eén) y the expected number of sorties flown
in n attewpts is given by

A R S 6ubm1)

§ g g bl § ’ (6.4-
or
1P
Es - (6.4~2)
n » 1if Po = 1

On each sortie let the probability the aircraft kills its encny in the

alir duel be PK « The expected number of encmies killed 1is

(n) - (n) N
EKT PK Es . (6.,4=3)

Utilizing the previously defined notation, lct EKB be the expectcd

number of bombers killed in n* attempted sorties by the fighter., Then

*
G
PEB e Bl | 4f P <l
1P oF '
- 3
EKB = (6.4=4)
n* PKB | otherwise




Let EKF be the corresponding expectation for the fighter,

1.
it
PKF ] - Pgy y 1f Pgp <l
EKF = (6.4+5)
w* PR¥ |, otherwise .

Under ecertain conditions emphasis may be placed on the probability of kill
of the enemy as a relevant measure of effectiveness. Indeed, if killing
the enemy 1s of utmost importance and tha future matters not, then n* = 1

and Eé%) - PK .

6,5 Computational Considerations

In this gection the concern is with the method in which the vaxious

probabilities derived above are computed,

The individual engagcuent probabilities, P?(e, n) are computed in

the P? Routine (see Vclume III, page 43)., In tnis routine the quantity
p(2) 1is computed as the product of X , y and P;(MI(!.), 1) wvhere x , y
correspond to q(&) , y(R) , rzspectively as defined in Section 6.2, A
further consideration is to identify the end of tha list of T(L) values,
The precise number of firings, =z , for a particular engapement is ia fact
not calculated in the program, However, prior to the engegenent all values
of T(L) are set to zero, Hence, since & firing cannot occur at t = 0 ,

a zero value for some T(L) 4indicates the end of the liat has becn reached,

The renaining portions of this routine are either self-explanatory ot follow

the derivations above,

The CALCULATE GRID DATA Routine (see Volume III, page 44) is the

routine froin vhich the P? routine 1s called, The other purposes of thc
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routine are

1) to distinguish betwecn aware and unaware cases, and
]
2) to set the single shot kill probabilities, Pk(MIS, i) , cither

to their input value or to zcro according to the value of nm ,

The purpose of the CALCULATE e DATA Routine (sece Volume III, page 44)
is to compute the probabilities P?(c) independent of each zrid-point,
It, thercfore, calls the CALCULATE GRID DATA Routine while iterating on
the grid=point values, and performs the indicated summation, Near the end
of this routine the sum is divided by tbe appropriate number of cases found,
It is well to note that the value of 2,0 is acssigned to probabilities that
are undefined becausc no cases oceurred, For example, if the bcinler was
unavare for all the grid-points of some value of € , the P?(c) will be

set to 2 for m=1, 2 and J =1, 2 , This is done so that such conditions

may be readily identified,

Finally, the CALCULATE UNKCONDITIORAL DATA Routine (see Volume III,
page #5) is cxecuted, Here the encounter probabilities and expectations

are computed exactly as derived above,

The total DATA FROCESSING Model is executed by the EXECUTIVE Routine =
DPM, (sce Volume III, page 42), The purpose of this routine is to eall the
two input youtines whieh retrieve the infornation from the enpagencnts and
then to iterate on the various values of € while calling the other routines

as nceded,
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SECTICN 7

DEFINITIONS

7.1 Introduction

Section 7 is intended primarily for reference, Section 7,2 defines
all synbols used in the iluw charts and the text, although the symbols are
also defined vwhere introduced in the text, The units associated with a
variable are included, both for claritication and for use in setting input

values,

An "I" after a definition means that this variable is an input to the
model, A "C" meana the variable ia internally computed, This can be
ureful when reading the flow charts, as some variables which abstractly
seem to be "inputs” are actually computed from other values, Variables
used only in the text for model discussion heve 2 1) after their definition,

This 1list is repeated in Volume IIX, Section 7,

Also included in this 1_st is the FORTRAN symbol associated with
each variable where appropriate, These symbola do not include the sub=
scripts of subscripted FORTRAN symbols nor do they include the arguments of

FORTRAN functions,

Section 7.3 discusses some input restric<ions,

7.2 Definition List




‘“) Syrhol Definition Fortran

A " An index with values of O and 1 indicating 1A
respectively that the bomber was unawuare or
gware during an engapement, Also uscd in text
for the avea within which the bomber flies
during the search, (C)

a The area swent out by the fighter's dectection

pattern during its search,>’ (ft2)
8, The acceleration of aircraft 1 , (ft/secz) (C) A
ACTIVE A logical variable that takes values of YES and ACT

NO (or, equivalently, TRUE and FALSE) indicating
wvhether or not an aircraft has active information
from optical or detection radar, (C)

The input decelecation of afircraft 1 ., ADEC

anﬁy(i)znust be input as a ncgative number,
(ft/secs) (1) ’

prc (1)

AH(i) The input parameter of the decrcasing lag course AM
function of aircraft 1 ., This is the angle that
aircraft 41 will try to lep by when 1its cnenmy is

:j, flying pure pursuit and Ay = 0, (deg) (I}

B An index Identifying the aircraft designated IRMR
as "bomber," B alwaya equals 2, (I)

An index with valuea 0, 1 indicating the BIXDEX
pilot'a sickness state, (C)

| L)

C A flow chart symbol used to indicate the
general rmaneuver of Circle,

CL A flow chart synbol denoting & gencral
Circle Lost maneuver; i.e., lost information,

D The di=tance traveled by the bonber durirp D
the figuter's scarch, (ft) (1)

DIV A temporary computation used in the Data DIV
Processing Model, (T)

1) Used in text only,




e ——— -

|

Symbol
D(k, i)

EKB, EKT
EXF

ESB

ENV SW(MIS, 1)

glﬁgz

Gy » Gy 4 Gy

63(1)

Definition

An index indicating the general maneuver to
be performed by aircraft i when in infor-
mation atate k ; 0 = evasive mancuver,

1 = aggrecsive mancuver, (1)

The base of the natural logarithm =
2.71828 KRR}

The expected pumber of bombers killed hy a
fighter over ita useful life., (C)

The expected number of fighters killed by a
bomber over ita useful life, (C)

A temporary calculation of the expected *
number of aorties completed by the fighter,

A flow chart symbol used to indicate the
gencral maneuver of Evade by Circle,

A flow chart syubol used to indicate the
general mancuver of Evade Linearly,

Specific energy.l) (ft)

The expected number of sorties completed in
at moat n attempts,

A switch which when ON,
alrcraft 1 has fired & weapon of type MIS;
otherwiae the weapon type has not been fired

and the variable haa a value of OFF, or FALSE,

The aegment Y* times the ratic of the
bomber’s velocity to the relative velocity;
F 1is used in the computation of PD(c) .

An index identifying the aircraft designated
"fighter," TF always equals 1, (C)

Oxygen flow leaving and returning to pilot's
brain, Functional notatjion in text is made
explicit in flow chart.1 (sec“l)

An arbitrary nunber of g's pul]ed.l)

The three levels of target's total
the weapon envelopes are input, (I)

©

or TRUE, indicates that

(©)

(ft) (C)

g'a for which

An index with values of 0, 1 indicating rcspec~-

tively that the degree of oxygen debt of the

pilot of aircraft {1 will not or will affect the

naneuverahility of his aircraft by limiting the

g's of his aircraft, ()

7-3

Fortran

D

EXP

EXB

EKF

ESB

ENV 5W

FSMALL

1FIR

GT

GB




Symhol

6,V

g4V

IA(L)

ICAN(1)

ID

ISHIFT

ITEMP (1)

Definition

The number of total g's being sustained by
aircraft 1, (C)

The structural or aerodynamic limit of total
g'c for aircraft 1 as a function of its
velocity, (I)

The total g function of velocity for aircraft

1 et which the specific pover function is zero,
Note if gq(V) > G4(V) then for that V gy(V)
is unattainable ané G4 (V) should be inputted,
(1)

The level of total g's for aircraft 1 abhove
vhich weapen typc MIS cannot be fired from
gircraft 1 ,  (I)

The maximum number of totar g's that the pilot
of aircraft 1 1s able to sustain, (1)

liie altitude of thc simulatcd engapenents;
used as an identificr only., (ft) (I)

Indices that take on valucs of F pand D

end do not have the same valuc. These symbols
always indicate an aircraft and nothing else. (C)
The pircraft that fired the zth
an engagement, (C)

veapen Iin

An index with values 1, O indiccating rcspec-
tively that aircraft 1's firing of any
weapon ia or is rot being delayed in an
engagenent £0 as to get to a better position
at the time of firing, (C)

Identifying titles of the combatants for
printing purposes, (I)

An Index with values 1, 2 and 3 indicating that
the first, second er third valuc of t;(*) is
assipned to At , (C)

An index with valucs 1, O indicating respec-
tively that aircraft 1 does or decs not have
IFF. (C)

An index with values 1, 2, ..., 11 indicatinpg the
information state of an aircraft, (Also uced
throughout as &n arbitrary index with intcrer
valuesy vhen used as such it 1s defined in
context,) (C)
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G

GBIG

GHAXT

G.IS

GP

1

IAFIRI

ICAN

ID

ISHIFT

ITEMP




Symbol

¥

Kp o, Ky o K

k(M1S, 1)

MI(L)

MIS

NUIKD

Pefinition
The k state of aircraft i . (C)

Symbols used to describa the glope of the
DEL Pursuit Cqurse funetion.l

A counter of the number of weapons of type
MIS fired from aireraft 4 , (C)

One greater than the total number of weapcns
that may be fired by toth aifieraft;

L1+ §LooNMS, 1)

A flow ehart symbol used to indicate a Linear
course,

An {adex giving the order in which weapons
vere fired in an engapement, £ <L -1, (C)

An index with values 1, 2 indicating whether
firing by one or both aircraft is pernitted,
Used in P? , ng , etc,  (C) :

The MIS identificatior number of the pth
weapon fired in an engagement, (C)

The identification number assipgned to a weapoa

type, MIS takes values of 1, 2, ..., nm(i) . (C)

An index identifying the position, velocity and
inforwation (k) state of aircraft. 1 , (&)

The number of grid-points or points of initial-
ization for each € , (I)

An index with values 1, 2, .4+, N indicating
the grid-point number under consideration,

Also used in‘ text for other purposes but always
s0 identified, (C)

An index with values of 0, 1, 2 indicatinpg the
node of operation of the trseking redar of w.ch
aircraft, (I)

Fortrq&

KPRT

KOUNTR

LCA?P

LLITL

MISIPI

MIS

IMSTAT

IGRIDP

KUIND

el Wil V72,
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by

N(MIS, 1)

PASS1VE

PKB

PKBGD

PKE

PRF

PRFGD

Definition

The number of distinct weapon types carricd
by aircraft i, (I)

The number of grid-points in vhich the bouber
wag unawarc for a given ¢ . (C)

The total number of ¢ wvalues used'in
an cncounter, (C)

An index used to compute the varizbles %
and y . (C)

The maximum number of sortics by each

aircraft, for the calculation of EKR and
EKF , (I)

The total number of weapons of type MIS on
alrcreft 1, (C)

A variable indicating thc amount of “oxypen
debt" of the pilot of aircraft 1 incurred
by pulling g's over a peried of time., (C)

A flow chart symbol used to indicate the
general mancuver of Fursuit,

Represcnts "yursucr“ ir text (often used &s
subscript),l

A logical variallc that tales values of YI'S
and NO or TRUE and FALSK indicating wvhether
or not an aircraft has passive Information, (C)

The probability for an encounter that the
bonber is detected and killed. (C)

The probability that the domber Is killed
glven detection for the cncounter, (C)

The probability that the bewmber is&dettcttﬁ
and killed at or vefore the time it becenos

_avare for an encountecr, (C)

The probzability for an encounter that the
fishter detects the bonber esnad the fighter
is killed, (C)

The prebability that the €iphter is killed,
given dctection for the enconnter, (C}

=6

Fortr:n

N

KU

REPS

KT

YR

KUMIS

OXDEBT

PASS

PKB

PEEBGD

FKE

FKF

PRYCD




Symbol

PG

PKL

P(L)

pis)

PS(1)

P, (1)

Pp(1)

PV({x)

P(x, y)

Definition Fortraa

The probability that the bember is killed after PKG
it becomes aware,piven that It survived to the
time of its awareness for an encounter, (C)

The probability that the bomber is killed after PKL
it becomes avare and it survived to the time of
ita avareness for an encounter, (C)

The probability of detection of the bomber, (C) PDD

Specific power.l) (ft/sec).  Also probability

of survival ¢f an aircraft, )

The probability for an encounter that the bomber PSB
survives. (C)

The probahility for an encounter that the fighter PS
survives and detects the bomber and the bomber ia
avare of the fighter, (C)

The probability that the bomber is unaware lor PLU
an encounter, (C)

The probability that tha tarpet is dead just P
after the &th weapon hits its target in some
engagenment, (C)

The probability an_aircraft is killed by the
£th veapon only,

An index indicating the capability of the passive IPS
receiver of aircraft 1 j; O implles no capability,

1 implies the ability to detect the presence of

another aircraft but not the position, and 2 Implies
the capability of 1 with the ability to distinpguish

the hemisphere of the source, (1)

An Index that when set to zero will require air- Pl
craft 3 to turn its tracking radar on for one
time pulse only when launching a weapon., (I)

An index with values 1 and 0 indicating respec- P2
tively that aircraft 1 has or has not activated
its tracking radar. (C)

A function that gives the principal value of its 14
angular argunent, (rad) (C)

Probability distribution oi bember's (x, v)
coordinates during search, )
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Symbol

Pusn
Py(ed
Py(e)
Py (Y, )

PK3

PK

ol

PK2

Pp(e)

1

P, (e)

2

P.(c)

PC(c)

P;(s, n)

P}(c, n)

2
Pj(c, n)

Definition Fortran

The probability that the bomber 1s unauware, PUPD
given that it is doteected for an cncounter. (C)

The probability of detectlon of the bomber FD
by the fighter for semc ¢ . (C) ..
The probability that the Lomber is unavare PU

of the fipghter for ;ome value of ¢ , (C)

The spceific power function of aireraft 1 PEEU
at veloeity V and turning rate & , (ft/eec) (I)

The probability that the bomber is killed, given FK2B
that the bomber is detected end unaware for
an encounter, (C)

The cneounter probability that aireraft j {is PKK
killcd, given that the bomber is detectcd and
aware and that aircraft j does not fire, (C)

The encountcr probability that aireraft } is PKK
killecd, given that the bomber is dctceted aad
aware, (C)

The probability for a given € that thc bember PZ
is killed, piven that it is detected and unawarc,

The probability for a given € that aircraft PK
J 1s killed, given thet the bomber is deteeted,
avare and that aircraft j does not firc, (C)

The probability for a given € that aircraft PR
J 1s killed, given that the bomber 1s deteccted
and aware, (C)

The probability that the bomber is killed at or PCCEPS
before the timc it becomes aware for some ¢ , (C)

The probability for & glven € and grid-peint PYe
n that the benher is killed, given that it is
detccted and unawarc, (C) :

The prubability for a givenr € end grid-point TP
n that aircraft J 1is killed; niven that the

borber is detected and avare ard that j docs

not fire, (C)

The probzbility for a given € and grid-roint e

n that aifrcraft j is killced,piven the bonber
is detectad and awvave, (C)
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Syzbol

Po(e, n)

P} Q4IS, 1)

pk(MIS, 1)

R'(1, 1) ,
R'(2, 1)

RFLOOR(HIS, 1)

Defindtion

The probability that in an engagement the
bumber ia killed at or before the time it
becomes aware, {(C)

The probability of kill of weapon type MIS
on aircraft 1 , (I)

The probability of kill of weapon type MIS
on aircraft 1 ; set to the input value,
Pk(MIS i) , or tv zero. (C)

The quiidrant of the point B on the fighter's
detection pattern, (C)

The quadrant of the point C on the fighter's
detection pattern, (C)

The probabil}fy both aircraft are alive at
tine T(2) .,

A function that glves the quadrant of the
anzle X, (C)

The range between the two ailrcreft, (£t) (C)

The range of the detection capability of the
fighter; r i1s set to Rppy(¥) 4f this is
not zero and to Rgopr(F) otherwise, Alco
uaed in text for the Y* projecction ezainst
& stationary target., (ft) (C)

A variable used to indicate vhether the
tracking radar is turned on, (ft) (C)

Distences usea in describing steady state.l’ (£t)

An override initlsl range that will act so as
to ghrink the detectien range to | S

(ft) (D)

The first and sceond values respectively that
will be assigned to R%#(4) , 1.c,, before and
after the oprionent beconer aware, (ft) (I)

A superimposed ninimum boundary of weapon
type MIS such that the weapon type nay not be
fired from alrcraft 1 whenover the range 1s
less than RYLOOR(MIS, 1), (ft) (I)

Fortyan

PCCEPN

F¥e

FK

QB

R

RSHMALL

Rl

RANGE

RPRIME

RFLOOR

sl P




Syrliol Definition Fortre o
BNOV (1) The raunge at whieh eireraft 1 nay cornence REOW
,7) to fire at an unaware enemy; against an unawvare
%

target, firings by aireraft 1 are postponed
until within & range of R < RIOW(1) ., (ft) (C)

RTEST(1) , The ranges at wvhica At will change values RTEST

RTEST(2) - from tp(l) to tp(2) and from tp(2) to
tp(3) respectively, (ft) (1)

RPAS(i) The range of the passive detection capability RPAS
of aircraft 1 , (ft) (1)

RTRK(i) The range of the tracking radar of aircraft 1, RTRK
(ft) (1)

Rypp(1) The range of the optieal capalility of aircraft ROPT
i, (ft) (1)

RDET(i) The rc.pe of the detection radar of ajreraft 1 RDET
(fv) (D

RIFF(i) The range of the 1FF eapability of aircraft 1 , R1FF
(fr) (1)

Rain A mindinum range vhich will tominate on engage- RM1N

nenty R < Ryyn ceuses termination of an

by engagenent, {(ft) (1)
b
Ritge The mininum range of some weapon type., (ft) (C) RHISP
Ryis The maxinum range of the weapon envelope of soune RI1S
veapon type, (ft) (C)
Ry (Ve Opy The ocuter weapon envelope of weapon type M1S RF1T
MLs, 1) on aircraft 1 associated with a velocity of
Ve y an angle~off of o for a value of target
g's of Gy » (£t) (1)
RZ(\'B’ Op» The gamc as Rl(\’a, OL» MI8, i) but for a tarnct g RF2T
MIs, 1) level of Gy « (ft}(I)
Ry(Ves Op The sane as Ry(V., o, YIS, i) but for a ta-get g R¥IT
MIS i) level of G, ({t) (1)
Rl(\a, Obi» The inner envelope limit of wzapon typz MIS on RV1PT
MIS, 1) aireraft 1 for an average veloziiy of V, .and
angle-off of o for G(1) total target g's. (Fi) (1)
Rz(\ ar Sb» The sane 25 RJ (V..” 0, 5, HIS, i) put fer a target o By 2ey
Mis, 1) level of G, . (ft) (E
3} R3(\1, Ob» The er--c as i(v,, oy, HIS, i} but fer a tarpet g RVIVT
o Mis, 1) lovel of Gq W (1t (1)
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Synbol

R%(1)
Ra(i)

R(¢4)

Si(ﬁ)

Si(c, n)

ST(1)

sen(x)

Definition Fortran

The rate of change of the range; (ft/=ec) (C) RLOT
[ ]

R = dR/dt

The rance which airxcraft 1 will attempt to RSTAR

attain vhen in the rear of its cnemy. (ft) (C)

The rangze of the tail gun of aireraft 1, RANCUN
(fr) (1)

The maxinmum range at which aircraft J can RFHIJ

fire any weapon vhen approaching an unaware
target from the rear, based on the spceds of
the aireraft snd tracking anple of the pursuer, ;
It assumes the target flies linearly, 7This is

elso used as the name of the routine that calculatcs

The expected fraction of tyax that the pilot TIHSIC
of aircraft i will spend in a "sick" condition,

0 > 1, for an encounter, Also used to represent

the total smount of time that the .pilot of aireraft

i spends in 2 sick condition., {(In latter casey sec)(C)

o ool ik

ke Bt e b ST S G

The cxpeeted fraction of tyzx that the pilot SICEDPS
of aireraft 1 will =pend in a ''sick" condition
for some value of ¢, (C)

g

The fraction of tyny that the pilot of aircreft  SICTIM
i speads in a "aick" condition during an engape-
nent defined by ¢ and n, (C)

An iIndex. indicating the general mancuver of 18T
aircraft i (c)

0 ——=circlc

1——=1linear flight
2——pursuit course
3——circle, lost information
4 —s cvade

§—=c¢vade, lost inforiation

An estinate of tha anount of cliange in ranpe S
vhen decelorating at a constant ratce froia some

velocity to Vg, at e rate of appe(d) o (ft) (C)

“'he sipnature function of the argurent = {C) sGa

epn(x) =
-1, Otherwice,
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Symibnl

5¢(4)

S(MIS, 1)

t'
CAVARE

tLAST

tmax

tmin

Cprr

tD(l) ’
tp(2) ,
tD(3)
te(4)
tirs (1)

t(M1S, 1)

t

such firinnrs, (I)

fired weapon type MIS, (C)
subscript).l)

an engagement, (sec) (C)

a single engagement, (ecc) (I)

(see) (1)
alveraft 1, (sce) (1)
weapon of type MI&, (gce) (C)

M1S {rom sircraft 1 ., (scc) (C)

hefinition Yertron
An incex with values of 0, 1 indicatinn sr
respcetively that the degree of ouysen dobt
of the pllot of afreraft 1 will not or
will effeet the firing of weapons by retarding
An index with values of 1 and O respectively s
indicating that aireraft 1 has or has not
Represents "target" in text (often used as
The amount of time sinece initialization of T
The time of flight of all weapons, (see) (1) TF
An arhitrary tiue prior to T{2) .l) Also
used in text as a2 time prior to detcction, (sec)
The time at which the bomber beeane avare of TAVARE
the presence of the fishter, (see) (C)
The duration of tire ©f an enpasenent, (see) (€)  TLAST
The maximum amount of combot tiwe allowed for THAY
The amount of time required to elopce efter THIN
which a loss of information by hoth coubatants
will terninate an enpagencnt, (sce) (I)
The amount of time until the next printout of TRy
each aireraft's relevant parsmecters, (sce) (C)
The first, zeeend and third values essignred TDLELTS
At at various trensitions during an enpegeuent,
The maximu: emount of eonthat time allowed fox TC
The time at vhich aireraft 1 fired the first THIS
The tinme ef the last firine of & veapon of type TLASIT
The amount of time between printsuts of the TSTAR
ecrhatants' relevant verlebles, (se2) (1)
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e

€

v'

vk

V(D)
VA ()
V(D)

vmm:(i)

Definition

The time at which the th firing took plaec
during an engagement, (sec) (C)

Adrcraft spce! used in the input tebles for
launch cnvelopes and for cacrgy-maneuverability,

(ft/sec) (I)

The spced for aircraft 1 which would make the
range rite, R , equal zero, subjcct to

Vo 2 ¥c(8) o (£t/sec) (C)

An grbitrary speed used in the distance function
8,17 (ft/ece)

The speed of onc alrcraft relative to thc other
at the timc of initialization, {ft/sec) (C)

The speed of aircraft 1 ., (ft/secc) (C)

The initial speed of aircraft 1, (ft/sec) (I)
The speed at whieh the sustzinable turning

rate of alreraft 1 1is an absolute maximum,

(ft/sce) (C)

The miniium sustainable speed of aireraft 1,
(ft/sec) (C)

The maximun sustainable speed of aircraft 1 .
(ft/zec) (I)

The weight of aircraft £ ., (1bs) (I)

One axis of the moving cogrdinate systcem used
in thc initiation phasc.l (ft)

A multiplier with values 0 nnd 1 to change the
computed angla ¢% to O or to leave it as is,

¢)

The x pocition of aireraft 1 1in the (x, v}
inertial eoordinate system, (ft) (C)

A symbel used as the argument of various
functions, Also used for one axis of the

incrtjal coordinate system,l) (ft in latter case)

Used for temporsry computations, (C)
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TFIREI

VATAB
VATAG

VZERO

VSTAR

Vi

VSTR

vc

VMAX

XPHI

CAPX




Symhol Definition ortra

x A temporary calculation of the max:imum

ﬁ; turning rate of an aircraft when pulling
< the minirum of §1(V1) and Gy(Vy) total
g's, (rad/scc)?

Xy - A temporary calculation of the maximum turning
rate of an aircr§ft when pulling Gi(Vi) totul
g's, (rad/sec)

"]

A temporery calculation of the probability that X
both aircraft are alive at the tiwve of firing
of the tth weapon., (C)

x; ’ y; Temporary coumputations of the future position
of aircraft 1 , (ft)?)

3 ' Onc axis of the moving coprdinate systen used
in the initiztion phasc.l ({t)

Yy Ore axls of the inertial cocrdinate systcn.l) (ft)

Y The relative Y coordinate of the bonber at YG
the beginning of the engagerment, (ft) (C)

Yyax The upper linit of the sepment Y% in the YHAX
(X, Y) coordinate system (used in initiating
:i' enganencnts), (ft) (C)

MIN The lower 1linit of the sciient Y% in the IR
' (X, Y) enordinate system (uscd in initiating
engagenents), (£t) (C)

Y* The norxmal projection of the fighter's detection YSTAR
pattern onto the Y axis in the (X, Y) coord-
inate system at the begimming of one capagenent,
(ft) {C)

y* The steady state speced, (ft/sce) (C) YNEW

v , y(8) A tenporary caleculation of the probabilivy Y
that aireraft 3 survived eny wezpons that hit
hetween the firing and srrival of the pth
weapon, (C)

Y A parameter uscd In deteroining the detectinn B
contour for sonce € o (it} (C)

YC a paremeter uned in deternining the deterction c
contour for seme €, (ft) (C)

F —— . — = - ——— . o e et e e —

v) 2) ysed 1n flow chart only,
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C

™~y
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i

apax (1)

ayys (1)

oppy (1)

oppp (1)

agpr ()

GPAs(i)

-

Definition
The y position of adrecraft 4 in the
(x, y) inertlal coordinate system, (ft) (C)

Temporary calculations ured tozsompute the
weapon launch envelopes, (ft)

Used to describe DEL coursc.l? {rad)

The rate of change of «a (rad/sec): (C)

'R
&i LD dai,dt .

The half-annle defining the tall pgun eapability
of afrcraft 1 nicasured from the tail of the
aircraft, (deg) (I)

The Internally computed parameter of the DEL
funcetion of aircraft 1 . (rac¢) (C)

The half-angle of the conce in which ailrcraft
i must be traeling its enemy in order to
firc weapon type MIS, (deg) (I)

The tracking angle of alreraft 1 , measured
from the inncr 1line of sight to thc velocity
vector of the aireraft, <(rad) (C)

The half-ansle of the deteetion redar eone of
aireraft 1 , (deg) (I)

The half-angle of the IFF capability of
aircraft 1 ., (deg) (I)

The half-anple of the optical capabflity of
aireraft 1 , (deg) (I)

The half~anslc of the passive deteetion capa-
bility of eircraft 1 measured off the taill of
the aireraft, .(dcz)} (I)

The half-~angle ¢f the tracking redar conc of
aireraft 1 . (deg) (I}

The turning rate of ajveraft 1 ., (rad/scc) (C)

The ansle of ajreraft 4's heading mcasured
from the x axis. (rad) (C)

An encle uscd in defining thre initial positions
of the aircraft, (rad) (C)

— - . S —— - — — v —

ALPDOT

ALPGUN

ALPMAY,

ALPMIS

ALFHA

ALTDET
ALPIFF
ALPOPT

AT PPAS

ALPTRE

BETDOT

BETA

GLUA

2) Used in flow chart only.,

S e

T




L

Svml_u__q.l_

)

bu

it

AY

be

Definition Yortran
The density of fighters assifned to en arca BILIA

for search purposcs; used in couputing the
probability of detection, Pple) (££™24) 1)

The change In o iIin onc time pulsc.l) (rad) I

The increrental time slice of simulatjon ~= a DELTAT
time for which rate of change, &, 6 , etc,,

are assuued to be constant in the integration

of the equations of motion, (sce) (C)

The ehange in the valuc of Y? for diffczent DELTYG
grid=points, (ft)} (C) '

|
The changze betucen & values for various ects DELYEPS

of grid-points, If input to a value greater than
18¢F the prograwm will execute only one valun of
€ (deﬁ) (I)

The angle betueen the velocity vectors of the EPSLOY
combatants reasured frem the fighter te the

borber at the tine of initinlization, Aleo used

to indieate the index of a portieular value of ¢

in sumaetions, (ln speeinl eases this may be

an input,) (deg) (C)

The first and last values reepectively of e, (dep) (C) EPSLOGN

The desired tracking anrle of an eircxrnft as ETA
conputed by the DL, couvrse funetlon, (rad) (C)

The constant deviate arple flovm by ajrersft 1 LAMBDA
when dnside the 4% econc of its encoy. (des) (1)

The aiusle betveen the X-asids ond the rey from THETD

(0; 0) to th: point B of the fighter's det~
cetion pattern, (rad) (C)

The argle betveen the X-:.is cnd the ray from THETC
(0, 0) ond the polat € on the fighter's det-
cetien pattern, (val) (C)

The turnins rate of the line of sieht. (rad/sez)  ThEnoT

(C)

The ensle betr sen the vecteor V& and the heading VU
of the fizhier ot dnitialization, (ved) (2)

3 .1“159 T (C) ) 4
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Syzbol Definition Yortyin

p The heff-angle of the fiphter's detection RbO
cepability; p iIs set to eppq(¥) 4f this
is not zero end to agpp(F) otherwise, (rad) (C)

o, An enzle indicating the engle-off times the S1GH
gign of the dircection of turn of the target,
(rad) (1)

o(M1s, 1) A counter of the anount of time that aircraft SICHIS

i has spent in the envelope of weapon type
MIS since the last firing of wveapon type MIS,
(see) (C)

Ty The approximate zmount of time that aireraft
will neced to fire a weapon after its tracking
radar 1s activated; used to compute distance
from R(¢4) at wiich to activate its trackian
radar, (ubec) (1)

TAU

.

T(MIS, 1) A counter of the total arount of time that TAUMILS
aircraft 1 has spent in the enveclope of
weapon type MIS, (sec) (C) :

The angle off the target of aircraft 1§ ; PHI
measured {rom the outer Iine of sight to the
% heading of airereft j , J¢#1 ., (rad) (C)
¢4 The rate of change of ¢, 3 (rad/sece) (C) PHIDOT
L]
¢i - d¢i/dt .
oF The half-nangle of the cone in the rear of a target PIRISTR

aircraft within which purc pursuit is the
navigatien doctrine, if Ay =0, (rad) (C)
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7.3 Input Considerations

Vhile ATAC-2 woc developed with e gencral user in wind, ecompletely
arbitrary inputs are, of course, impossible to handle, Limitations cuist
and considerntions must be given to the values of inputs, These concider-
ations arc neceusary, in some instances, due to the nature cf ailr-to-air
combat end in othcr instances due to the specifics of the propram as it exists,
Below are listed some of thesc consideratioas end linitations under various

headings,

7.3.1 PFarameter Guidance

f
(1) In the program the valuc of the internal variable R%(F) is
initizlly set to the input R'(1l, F) . This 1is the range which the
fighter tries to attain off the tz2il of an unaware bouber, hefore firing

any weapons. If the fighter can maintain surprise R'(1, F) i)l be the

.rangc at which thc bomber becowcs avare by being fired upon, Tvo consider-

ations, thcrefore, should be obscrved when selecting a value for R'(1, F) .

Firstly, this range should be such as to ailow firings of tiz more
lethal weapons of the fiphter, Sccondly, the range should be wuch as te
allow the fighter to stay behind the Lomber when the lattef becoies noure
and bepins to naneuver, This last consideraticn iz very difficult to
quantify, In genecral, the ability of the fighior to =tay behind a
mancuvering bonber is a function of hoth velocities, both turning rates
and both deccleration rates, However, the elo-er the fighter is to its
steady state range end 1its essocinted veloedty (sce Appondix ¥), 1f it

exists, the easicr it will be to stay behind the bomber,
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(2) 7The range Re(di) , doput as R'(2, 1) , represents the range
at which airevaft i would like to be off the tnil of its enemy so as to
be able to firc its shortest range weapons, usually guns, while the énemy
is nancuvering. The selection of this parameter is influenced by the
capability of this shortest range weapon, lowever, the mancuverabjilitcy
of both aircraft must be accounted for, In Appendixz T it is shown that
selection of R*(i) (or a steady statc ranpge) has implieations on other
p- “ameters es vell, namely the velocity ond anglc-off associated with
R#*(1) 4 Thus, if possiblc these considerations (the values of R¥*({)
that allow wcapon firings and the values of R#(i) that allow steady
state conditions to obtain) should be combincd to arrive at a recalizable

R%(1) whenever possible,

It should be noted that R*(i) originally takes on an input value
R'(1, i) whieh in the ecase of the fighter, is the vange at which it may
begin firing., Once this range is achieved, it then closes to this close

range R'(2, i) .

(3) The length of the time pulse At influences the running time
of the computer program, The running time is inversely proportional to
At . Fovever, as At Inereasces some singularities oceur, TFor exampl-,
the path of an aircreft nmay erers a launeh envelope from one pulese to
the next, without being in the launch envelope at the beginning of a
pulse, A possible firing will be missed, Also, since the mcthod of
numericel interration in the medel assumes that the time derivatives of
the relative paremeters are constant for a period of time At , the length
o! At should be kept fairly emall, The error duc to this assunmption is

inversely projortional o R2 « The assumption is therefore worse for
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smaller values of rangey hienece the capability in the program to decrense

the length of At o5 the range gets smaller, Typical velues for At are:

tD(l) e« 5,0 sec,
RTEST(l) = 100,000

tD(Z) s 2.0 gec,
Kpps, (2) = 70,000

tD(B) = 25 gec,

7,3.2 Model Losic

The following arc legical restrictione of the wmodel, 1,e., the

violation of them will aff2ct the logic of the model:

1., All ealculatious involviug aDEc(i) assume an rroscelated
negative value; hence aDEC(i) mist be inputted as less than

or equal to zero,

2, IFF is nccessary before firiuges can take place; (1) and

®1FF
RIFF(i) niust, therefore, be non~zero 1f gireraft 14 is to

fire its weapons,

3, Each aircraft may obtain active information c.ly from cithexr
its deteetion radar or optical system, An extension of traching
radar coverage over that of the detectlon coverage adds nc
capability, To avoid confusion and false Interpretation
the traching pattern should be contained within tie detection

patterns aTRK(i) < uDET(i) end RTRK(i) < RDET(i) .

7--20




5. Wheaever gi(V) is unattaineble due to the value of Gi(V)

6.

being prohibitive, any value greater than or ecual to Gi(v)
may be used fpr gi(V) at that V , 7he prour v will eelcct

the mininum of the two when approprizte,

The tail gun of aircraft 1 4is assumcd to be weapon number
nm(i), the last weapon, Further nm(i) may not be zexo,
The capability and hence the effect of the tail pun may be
negated by setting Rg(i) and ug(i) to zero, or setting

N(n,(i), 1) to zero,.

7.3.4 Propran Restrietionc

The follouwing are restriciions thet exist in the eurrent progran,

They arise from vouputer spacc allocation eonsiderations, To ehenge then,

however, may reguire signifieant programming effort,

1.

2,

3.

4o

The number of weapen types nmust bz no more than six: nm(i) $6,

The nunber of grid-peinte for one ¢ must be limited by

twenty: N < 20,

The nurber of epced values for vhich the weapon launch

enveleopes are input must be either 2 or 3,

The nurber of eugular values for which the veapon lrunchk

envelopes are input rust he betwcen two and fifteen dInclusive,

Since thc nunber of & valucs considerced will be 180°/ac
or 360°/4e , Ac must be greater thaon or cqual to 30° if

PS (For I} = 1 and greater thun or cqual to 15°%, ctierwisc,
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SECTION 1

INTRODUCTION

Consider a fighter searching an area for enemy eircraft, The
fighter's purpose is to detect, enpgape and destroy the enemy, When an
encny is detected the fighter tries to manecuver to an advantageous
positior. fron which to press the attack, launch its weapons and accomplish

the mis=zion unscathed.

The development of the Double Search Mode was prompted by an interest
in the cese in which the enemy 13 also a fighter on search for the friendly
gircreft., The bulk of the model is the same as the Single Search Hodel)

with one najor conceptual change,

The Single Search Mode of ATAC-ZItreats combat that arises when a
fighter scarches for a bomber, The bomber is docile until it becomes
awvare that an enemy aircraft is attacking, Thereafter the bomber becomes

aggressive as well,

A characteristic of the fingle Search Mode 1s, then, that the fighter
must detect the bomber for conbat to take place, But while the outcome
cof air-to-air combat depénds on nany factors, pencrally the aireraft which
detects first gains a decided advoantage, The terms of the cusuing battle
are usually wore rcadily controlled by that aircraft which detects first,
Thus the Double Search liode requires changing the Single Search MMode to

include a method by which either aireraft could first detect its enemy,

1)

Harris, T, J,, B. J. Jacobs, W, J, Strauss, Firhtcr ¥z, Fishter Copbat:
AYAC-2 Yodelsy Sinele Scavch, VOJUﬂcs I, II T1T ond v, prvnod -Sehiller, -
Acsociates qept(nacr, 5, 1507,
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It is insufticient simply to run the Sinpgle Search Mode twice, ouce with
one of the aircraft used as the fighter, and onee with the other aircraft
as the fighter, Cases would arise when the "bomber" should detect first,

but does not react immediately, Some of the kill probabilitics, therefore,

would be different,

Once deteetion oceurs, the mpdei traces through the ensuing sequence
of events by means of & dcterrinistic, time slice simulation, No Monte
Carlc processes are involved, The model treats the two aircraft alike,
subject only to the constraints inputted for euch aircraft, At sny
particular moment in time, an ailrcraft may be flyiungp straight, be in a
turn, ¢r be on 2 form of pursuit course, It may bo flying at constant
spced, accelerating or decelerating, Both aireraft (usually) attempt to
mantuver theinselves into positions to fire thelr weapoens, The model is
dynanic in that at any given time the mancuvers performed, and the tines
at which werpoas arc fired by each ailrecraflt, depznd on the relative
poaition of thec ailvecraft, TFurther, the manecuver and weapon fivings depend
upon the inforin:tion each aircraft has about the position and activity of
the other aircraft at the time, The information nzde available to an

aireraft depends on the sensors specified for it.

The Double Scarch Mode consists of tvo majer subrodcls: The LUGAGRUINT
Model (E¥) end the DATA YROCESSIKG lModel (PP, The U enswols questlons
such ast Can elther aireraflt fire its weapens? If yee, vhen, which
weapens and bew oftea? The EM produces a tirne cordered sequence of cvents
thet oceur during & dogpfight, After detection oceurc, the EM ef the Double
Search lode is ideatical to that of the Sinple Scarch Mode, The DBY
transform: tho sequeace into overall battle outcores such as the probahility
of Lill of en sireraft, The Double Fearch Mode engenders ndnor ehonres in
the DY, but the rodel is escentinlly the sine,
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SECTION 2

DETAILS

2.1 Introduction

L e e T T

As indicated previously the main difference between the Single and
Double Search Modes 1s the fact that in the latter cither alrcraft may
detect initially, thus playing the role of the fighter as defined in the
Single Search Yode, This 1s a direct consequence of the assumption thsat
each aircraft scarches for the other in an aggressive manner, However,
tactics within an engagement remain unchenged betweon these rodes, since
the tactics were designed the same for both aircraft in the duel, Only
the manner in vhich engapements are initialized need be changed in the
ENGAGEMENT lodel, Chsnges are requirced also in the DATA PROCESSING Model,
To account for detcction by either aircraft the Sirgle Search detection
procedure is excreised twlece, onece for each aireraft. Thuen two points of
posgible detection are obtained; one for the first aireraft detecting the
second and one for the second detecting the first. Then the detection
point selected to start the engagenent 1s the onc that oceurs first in

rcal tine,

One further pgencralization in the detection phase is the folloving:

s

it e T i v

In the Double Seoreh Hode en elveraft nay detect eithey by optiecal sighting
| or Ly search radar, This 1s a fesature distinet from the hasie generol-
ization of ihe 8innle Search Mode, Hovever, the added conputation require-
merts &re not severe, What it iequires 1s four possible detection points ==

twvo by cach aireraft, one by rodar and one by visual ncans, Tha method 1is

(»- still sirple. The nodel selects that detection point vwbhilch orcurs {first in

roal tire ind starvts the ensaresent thove,
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The charges in the DI are a conscquence of the manncr in which an
engagenent starts, In this report, tha event of cither aircraft detecting
the other together with the ensuing combat is called a ducl, TFor convenience
a dvel conditional on a particvlar ¢ or grid-point is called an encanement,
A duel unconditional on € is called an encounter, In the Single Search
Mode o duel starta when aircraft number 1 detects aircraft number 2, The
probability a duel occure ia tﬁe probabilit; aircraft number 1 dectects
aircraft number 2, In the Double Secarch Mode, however, an engagement
starts when gither aircraft detects the othex, The probahility a duel
occurs is then the probability that either aircraft detccts the other,

Thus, the DPM of the Double Scarch Mode éhlculates the prohability of a
ducl instead ¢f the probability of detection by aircraft nunher 1 as in the

Single Search Hode,

Before consideriug rnore detailed aspecta of the Double Search lode
a word of caution regarding the subecripts F and B is called for: in the
Single Search Mode both the fiphter (F) and the Romber (B) are always thc
sanc nircraft for one run of the model, The labels F and B dre sct to
numerical censtants in this mode to desipnate airceaft nurber:; F = )
and B =2 , However, th@b is not the case in the Double Scarch Meode,
The detecting aireraft may be edther number 1 or number 2. The labels T
and B must, therefore, be redefaned, Accordingly, F is defined 2 that
aircraft which detcets the other first In a certain ensagement, and B
ia that aircraft which is detected In the engajenent, For example, in
onc engagement F may hove the value of 2, while T hes the veluc 1, indicating
that the number 2 aircraft detected the number 1 nircraft initially, It
is to be noted that F ard B nay change values froa one enga;civenl to
another in the Douhle Scnrch Mede, Refercuce to o poxticulsr afverafe is

— Ve o -

made enly by way of eircraft nurbers 1 end 2,
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2,2 Definitions and Redefinitions

P

In this section the definitions of new gymbols required for the
Double Seareh Mode are given, Also, symbols used differently here are
redefined, The method of presentatibn s the szmo as the method used in
Volume II, Section 7 of the Single Search Model [Ref, 1], Previously

used symbols which correapond to nesw syrbols sre shown parenthetically,

Iten Definition Fortran
New (01d)
B The neme given to whiehever aircraft IPME
(B) (1 or 2) is detected initiolly in an .
engagement, (C)

F The name¢ given to whiehever aireraft IFTR

! (F) (1 or 2) initially detects in an

i _engsgenent,  (C)

- IE(n) A code to identify the aireraft that 1E
{1, deteeted initially for the nth gride-

point of ¢, (C)

1E(r) = 0 —> both deteet at the same tiue
IE{n) = 1 -— 1 detects 2 first
IE(n) = 2 — 2 decteects 1 first

k An index indieating the ktD detection K
pattern, (C)

k =1 —— radar of aireraft ] i
k = 2 —p opties of sircraft 1
k = 3 —> radar of aiveraft 2
k » 4 — optics of aireraft 2

N, (€) The numbzr of grid-points at ¢ in wideh NJ
J the jth aircraft deteeted first or
sinultaneously, (IE(n) = 0, 3}, (C)
PD(j, e) The probability that airevaft 3§ detects PDJ
iritially, given an enpagcuent at ¢, (C) 1
PD(j) The probability that nireraft j detects DI é
initially, piven an encounter, (C) i
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1~cn
New (01d)

P.(c)
B ey e

Pg

®)

Pj(c, n)

Pi(e) .
Py

Pi(c)

1
PK
3 2 L
(PK) + PKRy)

2
PKJ

(x)

=1

(R)

Y&

Y )
max)

Y . (k)
in
? (Ymin)

v,

(¥,)

Y (k)

(¥p)

GLb

nginitiqg

The probability of an engegerment at
€ (C)

The probability of an encounter, {(C)

The probahility aircraft J 1is killed,
given an engagemeut at € , n ., (C)

The probsbility that aircraft J is killed,
given an engagenent at ¢ ., (C)

Thc probability that aircraft J 1is killed,
given an engagement at ¢ in vhich that
aircraft j detects initially, (C)

The probability that aircraft jJ d1ie killed,
given an cncounter, fC)

The probability that aircraft J is killed,
given J detcets initially, (C)

- The range of thec Kkt detection pattern,

(ft) (C)

The range pctween alreraft when detection
takes placc on the kth pattern, (ft) (C)

The length of the segment penerated by
the projections of the four scarch patterns
onto the Y-axis at a given ¢, (ft) (C)

The upger it of the Y projcction of
the kth pattern at a given ¢, (£t} (C)

The lower limit of the Y projection of
the k" pattern at a given ¢, (ft) (C)

A control pareneter used to cstablish the
points of detection on the kth poattorn at
a given ¢+ (C)

A control parancter used to establish the
points of detection on the Kt pattern
at a given €, (C)

The upper lindt of the Y% segnent,

The lovc: lirmit of the Y& seymcent,

- -

rortran

PE

PEE

PP

PKK

PRK

RBAR

Y

YMAX

YIIN

YC

(ft) (C) ystr

(ft) (C) youb
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Itea Definition Yertrau
r New (01d)
; E£ " The traeking anzle of the relevant ALPRAR
(ui) aireraft when deteetion oeeurs on the
kth  pattern, (rad) (C)
: ei The angle between initial velocity EPSSUR
1 (¢) vectors measured .from aircraft i

to J . (rad) (C;

{u) vector of aiveraft 4 and the relative

F uy The angle between the initial veloeity ™U
velocity vector V* , (rad) (C)
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2,3 Discussion of Sinrle Scarch Symbols

In thiz section some of the differcuces between variablces of the
Single Search lode and the Double Search Mode are highlishted, The
variables relate mainly to the generalization of the original detection
process, Throughout thia sgctiou Figures 2,3-1, 2,3-2 end 2,3-3 will be
helpful, Figure 2,3-1 is for the case in which aircraft 1 is (tent;tively)
treated as the detccting aircraft, whose detecting capability is to be
agcertained, V% is rclative to aircraft number 1 es ehovm in the

/

velocity vector diagram at the left side of the figure, The right side

shows thc dctection pattern (only one for esimplicity) of aircreft number 1

in the samc position, with the (X, Y¥) coordinate systecm superimposed,

Figure 2,3=2 ig for the samc relative geconmetry cxeept that in this
case aircraft number 2 is (tentatively) treated as the dctecting aircraft,
and aireraft number 1 as being docile, The top vector diagrom at the loft
of the figure is the same as in Figure 2,3-1 exeept that V¥  in
Figure 2,3-2 is relative to aireraft number 2, and is, therefére, the
negative of that in Figure 2,3-1, By rotating the top lcft diagram 160°
in the plane of the figure, thc bottom left diagran is obtained, The V¥
ifr nev in the standard position to superidwnosc the (X, Y) coordinate system,
The right side of the figure shows the detection pattern (only one for
simplicity) of aircraft nuwber 2 in the same position as in the botten

left diagran, The (X, Y} coordinate system is supeiimposed,

2,3.1 F, R and IE(n)

As was earlier stated the subseripts F and B arc here "veriables,"

set respectively to the alrcraft that detected first and the aivcraft vhich
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vas detected ~= the aggrcssor and the surprised, For one engajcuent aireraft
nunber 1 may have deteceted firct: F= 1 , B = 2, Hovcver, this may chanpe
for the next or some othcr engagenment, 70 rccord this information the
variable IE(n) 4is set to the identifieation number of the deteeting
aircraft (1 or 2), for the grid-point n . If for son~ grid-peint, both
aircraft detect at the same time, then the setting of F and B is
arbitrary, In thi.casc F is set to 1l and 7 to 2, end to identify

the cace, I1E(n) is aet to 0,

2,3,2 €4 0 ¥y

e ey et

In the Sinzle Scarch Mode an (X, Y) coordinate systen is dcfined as

- moving with the dctecting ailrcraft. Further, the angles ¥ and € are
defined in that system., Here these paramcters are generalized, so that

¥ and € vrelate to both aircraft, sinee cither aircraft may be the deteeting
ajrcraft, Thc EXECUTIVE Routine produccs a value for € (cec [Ref, 1],

Section 5,3) and this value is used to sct c; anc c; +« The anglcs
t

]
:1 and 92 are thc same in magnitude -- the anglc € betveen initial

headings (sece Fipurea 2,3-1 and 2,3-2), However, Ei is neezurced fron

, .
aircraft number 1 to aircroft nunber 2, while €, d4s measured the other way

2
'

)
around, Thus g B =€y The angle v 4s generalized, Let i be the

-»
. angle bcetwecn the velocity vector of aircraft 1, V1 y end the relative
. “»
vclocity veetor, V¢ , (see Fifurc 2,3-1), lLet ¥y be the nnzle betveen

-
V., and V* (sec Figure 2,3-2), In general, | u. | ¢ | by | .

2 |

2,3.3 LI

AP A i

In Double Scarch, dcteetion 4s possible on cither of an saivcraft's

scnsory patterns =- optieal or radare Four scts of pars.oters ave reecuirad

- 10 -
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to define the four patterns, two for each aircraf%. Thus, whereas the
range of the detcction pattern, r , and the half-angle, p , deseribe
the single detection pattern of importance in the Single Search lMode,

here r, and Py ? for k=1, 2, 3 and 4, are required,

13

2.3!4 Rk » u.k
Since detection may occur on one of four patterns, there are fou.
possible positions at the time of detection, In the prévious mode the

point of detcction, defined by the ranze, R , and the fighter's tracking

angle, ap , lead to che definition of the initial relative parameters,

k "
k=1, 2, 3, 4, define the point of detection on the ki pattern in

In the surrent mode the analopous parameters ﬁ; and for

evactly the sane way (see Fipure 2,3-3),

2305 Yo (K) 4 Y o (K Yo (k) , Y (k)

In the Single Search Mode Y

max * min ¢ Yp o &nd Yc are control

parameters uniquely defined by the initial velocities end the detection
pattern of the figuter (see Section 5,4 of [Ref, 1]). In the Noubl:

Search rode Y . (k) , ¥ ;. (k) , Yp(k) , &nd ¥o(k) are these same

kth

paremeters respectively, defined for the pattern (for Ymax(k) ’

Ymin(k) see Figure 2,3-1 and 2,3-2), They ore req:ired to £ind the point

kt‘.h

of detection on the pattern,

2,36 Y* , Youp » Yo

In Single Search Y' is the segnent of the projeetion »f the detection
pattern (r, P) onto the Y~-axis, Here there are four patternc to deal with,

Conscquently, Y% ds penerelized to be the superposition of the profections
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Figure 2,3-3 Dectection on the kth Pattern
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of the feur detection patteins of 1) and Pk onto the Y~axis,

As in the Single Search }Mode the segment Y* represents the linits of
the Y wvalues within which detection will occur, The Limits of the new

Y* ~Are YSUP and YGLB s Where

Yogp = max{y, o}
and ;
Yoap ™ m:n {Ymin(k)} Y *

The new Y* will contain overlaps of individual patterns, Thesa represent

the regions in which detection can occur on several patterns,
Thia covers the generalizaticvn of the detection parametera,

2.4 Extension of the Single Search Detection in the EM

The method of detection in the Double Search Mode incorporates the
procedure by which the point of detection is found on one pattern in the
Single Search Mode (see [Ref, 1], Sections 4,2, 5.4, ané 5:5.1)s This |
procedure ia followed four times, The only concept not covered is the
selection of that peint which occure first in time -~ the point from
wvhich to initialize the engagement, First auppose the detection patterns
of the two aircraft are circles, Then clearly the eirele with the largest
radius will always deteet first, lMore completely, suppose as in Figures 2,3-1
and 2,3-2, V* is directed to the left and the two aircraft are alternately

plened at the orlgin, Then the pattern with the largest X coordinate

n Note the diffcrent neaninga of max end min within each equation ==

one beiry a functional notation, the other a subscript,




v

9

at YB will detect first ~- in this spccial case of cireles the uircraft
with the largest radius —- gince decreasing X represents the moviment of
3* in time. The procedure of placing both aircraft alternately ot the
"relative oripgin' and choosing Lie largest X coordirate 1s cqually

valid vith partially circular ccveroge.

If, among the four points of dctection only one oc-'rs first, the other
three become unimportant, sincc at this point the aircraft starts to mancuver,
It is thc point of the four with the larpest X wvalue that occurs first,
Finally, the X wvalucs cf all points are found by resolving the ﬁk ’ Ek
rclative coordinates., The magnitude of X is '4 Eﬁ - ;E-, gince the
range, §L » 18 from the origin, To find whether X is pecsitive or negative,
considar that the engle Vi is measured fron the positive X axis to
the velocity vector 3 y and the tracking angple P is reasured from the

i

- L] .
linc of sight to Vi + Thus, | By oo | 1s the engular separation of tiic
positive X axis from the linc of sight, If | By - :h | > #/2 , then

X is negative, otherwise it 1s positive,

If the sanme aircraft detects visually and by search radar sirultancously
it is irmaterisl., lowever, i1f both aircraft deteet simultarncously, then
this must be noted by properly sctting the value of JE(n) (ece Scction
2,3,1), for proLebilities later cvalucted. FKevertheless the afrcraft to

be desiznated the fighter during the engapenent, is fmmatericl,

2,5 The DM of Double Scarch

The purpose of the DPM eond its netlod of execution are the same as in
the Single Search llode of ATAC-2, Senc chanpes gre reguired iIn specifics to

accorricdate the fact that in the Bouble Search Yode either alrcraft nay

- 14 -
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detect and thereby initiate an engagenment. To accomplish the changes entalls
redefinition of some of the conditional kill probebilities and elimination

of others,

2.5.1 The Probabilitles of an Enrarerent and of an Encounter

In Appendix A, Volume IV of [Ref, 1] the probability of detection of

the bomber by the fighter ia d;xived. The generalization to the probabjility
of an cngagement ~~ detection by either aircraft == ia obtained in an
analogous manner, The segment Y* 45 redefined for the Double Search

Mode to inelude the normal projections of both aireraft's deteetion patterns,
In tine t this segnent aweeps out an ﬁrea Y&*y*t 4in relative spaece,
Detection will také plaze, resulting in an engagement, if and only if one
of the two aireraft is in this area at aome time béfore t . The probability
of an engagement as a funetion of ¢ , PE(s) s haa the asme form aa in the

Sinple Search Mode:

Pple) = 1= &P (2,5+1)
F = Y*V*IVB ' (2,5=2)

Arhitrarily, this ¢ is uaed for c; + Due to the syrmetry of the

» »
initial geometry, the cholee of ¢ = €, °r t=¢, is imnaterial, The
segment Y% is generalized to aeeount for the double search in Seetion

2,3.6,

If is the probability of an encounter, then aa in eauation (6,3-4),

b
“E
Volume II of [Ref, 1],




W

D Py .5 D, P

P =

E - N -1
€

(2.,5-3}

2.5,2 TL: Probabilities of Kill

In -the. Double Search Mode the event of awarcness by either aircraft
is of no interest, Further, the conditional event of a duel replaces the

conditional event of dctection of the bomber by the fighter, Let P%(e)

be the probability that aircraeft J is killed, given en enpagcnent at €

Let PJ(:, n) be the probability aireraft J {s killed piven the engaze-~

ment defined by € and n , Thus

N
Zl Pj(c, n)
p;(e) - X 3 , =1, 2, (2,54)

Let PK} be the probability that aircraft jJ s killed, given an

encountcr, Then

E Pp(c) P:I,(t) + .5 2 PE(c) P;(E)
1. £C1rty ‘1:2

PK (245-5)

for j =1, 2 . There are the basic kill probabilitics ecnditional on an

engasenent or an cncountar,

Furthcr information is evailable from the Ef, One night ask how vell
an aircraft docs when it detects first, Indecd, how likely dees it detect

the cnemy first, pive. & duel oecurs, This latter question rclates to the

-—16-
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aircraft's avionics capabilit; against a particular enemy, Both questions
call for the introduction of additional probabilities, Let PD(j' €) be
tte probability thst sircraft J detects its enemy initinlly, given en
engagenent at the indicated € , An estimate of PD(j. €) is the number of
grid-points at which J detected its snemy first or simultancously, divided
by'the total number of grid-points "sampled." Thus
By €) = KN, §=1,2 , (2.5-6)
vhere Nj(c) is the number of grid-points in which J detected initially
for that < , Llet PD(j) be the probability that aircraft J detects its
eaeny initially, given sn encounter, PD(j) 1s obtained by avcracing the
PD(j: €) values weighted by the probsbility of sn engagement, divided by
the probability of an cncounter,
Do Pyl © Pl +45 3 Bp(d, € P(e)
e#el,ez €ty

Pn(j) - » (2'5-7)
(Ne - 1) PE

for j=1,2,

Let Pi(e) be the probability that aircraft j i1s killed, given an

engagement at € and that aircraft J initially detects its enecmy, The
conputation is made by surming over only thosz cases in vhich J detccets its

énemy. Thus,

P Py(c, n)
2 n
Ps(€)

= - . 2,5«
; v , =1, 2 (@58)

-17 -
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Let Pkg be the probability that aircraft J 1s killed, given j

detects inicially. Then

Y U, R PRe) +.5 Y, B, OB (e)Pi(e)
2 S ’ o Sty e
PK - (2.5"9)
(¥ = 1) Pp(d) P,

for j=1, 2,

J - - 18 -
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SECTION 3

COMPUTATIONAL CHANGES FOR “HE
DOUBLE SEARCH MODE

3.1 ENGAGEMERT Model Changes

Since thc Double and Single Search Modcs of ATAC-2 are identical
in*intra-engagement tactics the only routines in the ENGAGEMENT Model
that require changing are those of GRID PREP and GRID (aee Section 4,1),
The changes neceasary are to compute the parametera for the four detection
pattcrns, Instead of computing one set of YB » YC : Ymax and Ynin »
the Double Search program ccmputea theae.parametera for four valuea of
k 1in GRID PREP, The method of computing them for any fixed pattern is the
same as In [Ref, 1], Also, the GRID routine ia executed four times to
conpute Ei and Ei for the relative geometry (along with ¢€) of the

point of detection on the kth

pattern, One singularity occura here,
1f Y8 ia not between Y . (k) and Ymin(k5 , then detectjor may not
occur on the kth pattern for that e and grid-point, In auch a case
ﬁ; and z; are set to zero, Finally the relevant point o¢f firat
detection 1s found as that point with the largest X coordinate, This
X coordinate is easily found, for { [Eilz = Yg } L is ita absolute
magnitude and the sign of it is given by the sign of the cuantity

/2 - | by - Ek | .+ HNext the point at detection is found for cach
aircraft., Then the detecting aircraft is detcrmined, and the value of

F 4s set to that sircraft nurber, vhile B 4s act to the other number,
that of thc detccted aircraft, Finally the code IE(n) 4is set to identify

which aircraft was first to detect in this, the nth

grid-point,

3.2 DP Chaaces

These chenges correspond to the discussion given in Seccion 2,5 above,

-19 -




SECTION 4

FLOY CHAPTS

Gnly the flow charts of the routines requiring change are presented,

The flow chart conventions here are the same as used in Reference [1).

—




THE GRID PREP
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THE CALC. € DATA

~STARY

[E(E).':'—i |

N =B (€)=0, jmald

[ P = BCE) +B(EN]

(P& = PHB+PLE )

[PEE =PIt BE ]

[ Sa=N0] |

T IY R

{P™ ROUTINE |

—IE?ETET(JLH SCE|
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'THE CALC UNCOND. DATA

STARY

M(ﬂ + 53; R(€)
_ Ne- 1

i
BB e) + SZ P(sJP(zs)
(Nr 1) P

T
ge LREOBO L 5Z ROBE)
Prgj = (Ne- DR =

R (i) *‘*f &

712,

:_
e, o AR GO 1 57 RORGIRO
K: qu“i)P(j)P

— b
RETURN
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SECTION 5

PROGRAM LISTING

In this section the progrsm listing of the changed routines is

shown,

i




e i e N T PRI = S - - L d e —"
gl LNV F
e=lliling Vi
iL oL Gu
) ) {1)nma-=( 13 0nd (*ur3Tctliehivsesi =21
. nm4hm>\ﬁﬁﬁ»_maww&mwMOU*ﬁﬁ.N>lﬂ_vN>w-w0b<mﬂhvﬁhu
01 Oi 09 (*0*UI°UVLSA: =]
! L+a=2 4
=
d =1
X 2 04 VU (Z*anAH)al
ANILKNOD 1
NOTsd3-= (M) EinSsSes
NCYodast [ eiivsas
. U=a
w . . =7
i=l
aFZOJmam.mOutnNqN>mﬁHHN>$aNIN**~NvN>+N*nnHuwbvpmcmum<»w>
P ] ANS () UVEEIVE (7 uven/ 18031/ N0ANID
§ (2 VHATVS winVO/ GUU ) &9/ NOAnlD t
_ GROS1 /dalD/ NOWHOD 2
mN.mDmmuu.aoﬁ-mwoaommomau.0>.o>th0¢ 1
.ﬁ¢v2HE>.nJ“x<x>.ﬁ¢_u>.ﬁﬁvm>.aN_ﬁiu.mﬁhm>\acmmo\20250u
2 -anJszmm.ﬂm.im.uxmammhun.ﬁa-OIa..Nv4J¢zwm\uuxw\zcxxOU
P 4 {Z2)ieuline
T .awomuummocoanUko”N.bmuﬁwmooﬂm.w.hmuu&.ﬁhvo<>2m
» .ﬁm.nmvmqpq>.<ﬁu~mz&<>z.,mﬁumqkmmm.,N.aw_»xcxc.an.o-mwza4<h
. e :oﬂmfﬁ,..w.fﬂxo..NEQ.E.E.c.f.mZaEm, (2¢94g (%G )LldZ4d9
onN.a-mH.muhuHum.rn-c.mﬂ.m_wmum.ﬁN.o.mw.m_»wmm.ﬁw.o-mﬁ-mvkaumm
v y oﬁN“UU<.ﬁN-awaAmvx<z>.nwwxmhadtaﬁNuWQn&4<.ﬂNvPaOmJ<mﬂN-uuHaJ¢¢
1 ; .amuwmoaJ<¢ﬁmwm<hmmaaw.w>-ﬂmvu>.nnwvmhu.amwm<amw )
” i .aN_h&OEaﬁNuuuHm.ﬁN_hwcm.anuueqm |
i .ﬁN_wm<hmh-nN.S-ANV¢>.EN-m>-ﬁN“N>-aNUﬂ>M
uw CQIN®{ZI5dIv LZ NN
d , -I.znzm.nm_hw.monm.zoqmnw.h&wdmo.mamqmcﬂ
s .<>.mqhmh-zazh.x<2r\>hnnzw\ZO$EOU
: ) doulsY 4NILN0BUNS
#230%LuX 161 Jlisuls
]

- I ~




2=XVnd

09z QL 09 (D*19°g) il
09< Ol U9

U=

*U=sNlHa

09¢ vi VY

J=N]lirnza

092 CL 09 L*e*D3"D0) 4!
el Ul Oy (*Z°us5°20).,
I1€2 04 09 (*1°05°00)Y 41
09¢ C1 0D

JENIAz

dzXvild

102 0L 05 (*£°03*D00)41
N9Z 91 U9

asXVnd

UY< Wl WY

JZXEYna

102 Gl 09 (L*iv?Lisl
602 QL 09 (*2*an"s0) 4l
0%<¢ 01 03

*0=4

*O=NInd

g=XVYnd

092 Ol 09 (dUlzHL®39D*DLIAHL) ]
0CC Ol 09 (*(*5N*"OUdI
“0e2 0L 09D (=Z2*03*930) 41
UE LL LY (*"L*03%ubldl
098 Ol wY (*¥*04%4ul4dl
(DL3Hi)0=20

’ (8lidHl)O=2u0
AVvud==NIlwnd

(RIdd=Xving

(LIl )INISXE L) Ny=D
(GLIRLINISXu(A)ARY=2g
{(CR)OHu=L 1 INW=ZYAE=D LML
CAXYOHANHF LT INING ) Ad=GLIHL

4 ¥4

lec

0ed

50¢

[Gc¢

o<

‘- 27 -

e




PP

e

-

Xvoid=s{A)XVaiA

SELVAIOA

uslajeA

dhinNiLINUD

-2

*o=XVaAZ

092 vi U9

=XV

U9Z 0L vy

U=

JENfaun

CusXvind

092 0L O (D*51%uidl
292 Q0L v (*£*0J*D0)5i
162 01l 09 (=2*03*20}) 4l
G9¢ ol G99 (*1{"U3*J0 41
09Z 0L U9

J=Nins

09¢ Ul vy

lcub

E=Nina

VIS STF

092 04 09 (D*.u*didl
092 0L 09

U=NIlng

I=XVYnd

g9¢ oL 0Y

genNlnz

09¢ vl 09

HaNing

y9e Ga 0D (2°l9%d)di]
€vZ Ol OO (*E*0s*"204dl
enZ QL VY (=L 05200 4]
lvd 0L OV (*1*°0s* 20X 41
092 Gl U9

*0=d

*Q=Njnd

C
L'
L3S

~
1)
1 4%

Qs¢e

ywd

uvd




) . ) y Uk
- T I NiNLldy
(13ZA/(EVISAzaVLIEA) =4
o - (N}AVC I4xOALVIQ=UVLISA

OALTACRG®+dNSA=OA

- : (N} LVOTH/(HIDA~dNSAY=9AL =0

) ) ((PINIAASLEINIRAC CZINIRAS CLININAD INTRY=UTDA
({H)XVNA* (L IXVINAS L ZIXVAAS (LIXVRA) IXVAV=dSA U0

e 1 L wo
: UG0e OL 0D (weude*>)di
‘ NInS=CAININA

&

a0




at

talUna=ia)avud iy

2 Ui OY (*o*20"UA)ai

€ 0L 09 (({AIBALT*QA) "HO*{ {U)TA*S°DA)) !

’ CINIAU/DAIN LDV EVARIVY

[ SR VIS

O={%)aVuaty

*u={R)uvue

2 01 05 (({AINIWA®SO"UAI ANV L {G)IXVHA=IT*0A ) 21
0 OL Cu (#w®*,iu®2) =2i

¢=1 (e*La*H) U

LA

aviv L AU

¥ =1
(Ve

DALTISU~SA=0A

ZIL0800/TGL VIvy

/6%04lhl%e/ia ViV

{7)due (v)gvudIveividvust/ laoval /78Gnal0

diR0SI Z7¢A0D/ ROWAHQD
(&) Dawilie
S (B IDUFA0DS(ZIDL (T LZ2IDIGOZ 2% LZIDE (21D VANE
SLZOLZIOVIVASVADISNS vANS (STIEVIOISE (¢ L) LAYNG-{* 9IS INdIVL
$(OT)EVIVAYIZ#Y IS INDS{ZLiQIX %946 [*G)idudlelZ°9ecT*5) 132489
S (286G GG L dIdYyt (29It iedyt (96144 [245°(L*9%G1%a)11d8n
$(ZIDDVELZIdOS(ZIXVANS () ALV IL)ISVLITIVE(E lalaTve L gl adldlvy
€ (2)idAdIYEIEIdVISH Y (ZIZAS{LIDAS (g Adins (g)svder
${Z21LdOU¢{iaaigr(d)ldude (£)oHUve
C{ZISUVISLO WM (CITASLEILAS(LICAC L) IAL
tGiwt () udi® i nilNding

CHEN AL (C)AS*UD IS NU IS da* LV LIT4845ddNal]

SYASKVLIT LS NIWL S XVIHL/ALNANI/NCHWIWOD
(218NSSd3I* 100314401 UDI¢40A*5ALNHUx

C{EINIWAS (FIXVYIAC (RIDAS 7IGAY (ZINHIA*UVISA/ JdOIBO/NOWHOD

S 2)VHATVEVARVOZ0SC T uu/NONAUD

¢ (Z)1T1IVNSBY (2 IWI*UNGI*ELII ¢ (v )I0OHE* () T1IVASEH/D3XI/NOWHED
Aleo0ys INIiil0ddils

AJ30YLuX Calls Jidals

- 30 -




TV

#*

it

*

£2Z89Z4G2( ( DA#OAN —(Zx#{€)YVLYUI) LBOS &
# ( 0°2 7 Id + ( {elavedlV = (ZINWd IsgY = ) N9S ¢
( 9A # DA = ( Zas(l)uvay ) ) Luds 1
{ Q% 4 ld + { (L)dvuedIV = {I}iNdlsdv=) NusS )} Il
9¢ Ul Uy 1 UQ *a1® (L) avua ) 4di
g2 01 0Y ( 0°0 *37* (&) yvud } 4dI
SINNILNOD ¢
{7)ivdadlvs(g)avudly
{7)dvgi=(€1dyvul
INNILINOUD & 1¢
Z< 0l 09
) STZ OL 09 { ( 9A%DA =(Zux{w)uvEdl) L¥0S
* ( 0°2 7 Id + ( (%)avddIV = (Z)wWd 1SUV = ) NOS
*11° ( 9A # DA = ( ZawxitiBYHY )} )} lzbs
{ 0°2 7 Ia + ( (€)av8div — (Z)inadisuv=) N9 )} dI
SI< 0L WO L 0°%u *37° (%) wvud | 4l
22 0L 09 ¢ 0*0 °*37° (%) Hvwd ) 4dI
A0NTLINOD i¢
(Z)avsdIv={{)avudiv
(Ciuvua=(1l)avua )
JNNILNGD 60¢
¢ UL v
GO0Z 0L 09 { ( OAxDA - Z=x(2)yvdy ) LuVS ¢
# { 0°2 7 Id + ( (Z2)¥v8dIV = (Tinld IS8V = ) N9S ¢
*17° ( DA * DA = ( Z##{lluvedy ) ) L3bS I
{ 0%°2 7 Id + ( (T)avddlV = (T1i1NAZ)SuV=) NOS ) 4l
602 04 09 ( 0°0 *371° (1) yv8Y ) 4l
I¢ QL 09 ( 0°0 *371* (<) ¥Vue ) 4l
JONILNOD ue

—t N

[ Ul Lu

CLEN BVEdIV=L T )N NIS/DAIS V= () dvud
(%) UHY== (4) aVidd TV Y

{ oL O

(A dy= (X)) yvda
(VAWWVO-{1)NWdIAd=({X)avad1lvy &

I 0L 09

OV ESTIV=( L IIKI INIS/DA)SavV=(J) dvHd

o | 9,

il
|
|

- 3] -




i ' ) ANz
T N T} . . . NaNLdY
. N Z=tind |
. l=u13l .
‘. ﬁ,H.m:mmam,zom*“a:ﬁﬂ,m:mmau+ﬂH,<an<u,N,<xa4<
¥ (T)uvedlIv=( 1) VHAV
(1)uvdy=a L
‘ ) . ) NENLad
& ] . E l=datl
| Z=didl
o ﬁﬁNum:mmam,zomtﬁaanN,mpmwmu+ﬁN,qxa4<a,H,<xa4q
(e )8vedlV = ()vHaV
{¢)aveg=a  9¢
, : Z2=(dGlaviral 9¢
_ | T T 3 T STTRT L2 Ol 09
a | 0=(daiaollrsl  w¢
. . Lz ol 09 . .
e o - 1=(dQ1¥91)3l 4

- 32 =-

.t




WF—I"!_—",

2=
I=r
10 O1 09 ({*3N®(dAiy¥oIzi) =1 Ol
, . S Gi V9 :
(=i
Z=r
GI OL 09 (Z*uN®1) 3i
T+({Sd3N*MIMN=(SSaNSION
(dQIUD I $SAIN*FeNI)Idd+(Sd3N¢"21d={Sd3Nr*2Z)d
(dQI¥O1¢SdANS T NI dd+(SAANS ¢ TId={SdEN "¢ T)d
L Ard 13vd ¢
. 2=1
=0

Gl Ol Q9 (0°3N*(JdCIYQI1I31Y 31
Ci=duldu:
NeL="] ol UG
*O={So3N**2Thid [ .
o L=¢cin 1 Uy .
0= i(5d3N¢ N
¢*1=" T 04
*I=(Sd3IN})dd
¢=ti]
{211Qd*{62%2 ) Ad*533a* (S22 )IMNL1G2)I3d*{0T331/1d40d1/NOAKTD o
{G*2)SdIDISC(GZ¢ZINILDISH*{ZIDISNIL/ANIDIS/NIOANNOD
{928l %21lda *{82%e.%2¢2)dd/INT A/ NORKGD
(2T VNIt oA, ToanI 1oV I+ 1 /7GCT UD/MONNDD
(626289116 (6Z)3%(92)Juymavicisg)IIvasS il
; ${ELINGISHI*SAIINS (ZLIGIXYGIN* NIUN/LLNIGN T/ NOIinGD ] H i
(£L1S5d3DDU*{GZ¢LLINDIDTA NG DA * TIA/ TV ID AL/ NCAWOD
{(ZL)AIRdA*QIWdIN* DONNUN* NS (Z%G)add]
${Z¢QINMLIC (ZIN*{Z)DL*QHUCC/OLNdNT/NOKWOS
dARUD L /dWNOD/NORAGD
Avalll® =
JEXVIALC WA T HL 41 ¢SdIN/SIXNI/NOANWOD
QUIHUDIS(EL*Z12d*(ELO2¢2)d (ELINGSLEL)IUD/YISEI/NOANIOD
A¥ISas INITLNGuEnS . 5
geNS Jlsuls

- 33 -




S

UiNg

12 0L UL

¢=r

Nefiloa (T®dN®0) 41

INILYCTIA/Z LISOaN* TN LvUTE={SaIN I
INIAVOT4LIGdEN* T [ lg={Su_n®*l*1)d

SN Aoy

*s=l5ash*T4l)a

vd Oi U9

L(SGAN*TITNIAVOTId/ (SgaNe e cYa=t5daneT¢¢ ) a

22 0L O9 L0°Ca*{S5daAN*ITNY 31

NN ITLANUD

T
[ ]

SNNTLANGD
INNTLGD
”aommomawawz.ﬁ.am_an+.wcuz.ﬁ.~,o|—mnmz fel)d
ard T71vo

andlia=

=1

. ladrzla

3 LT lSadNe T IMTN={Saans TN
(dQl¥91¢Sd z.ﬂ.DH_aa+.mnuz-ﬁ.m,nu.wouz.w.mun
naaﬂwomeamz.ﬂ.Dm_aa+. SdINCT*T)Id=(Sd3Nere11d

icd 3o
i=]
=l

¢l 0L 09

144
(¥4

1¢

ue
i

i
[

-34-‘




.

e e Y et el

e

T T R A I S e S

-

(33d%5alX) /7 1eTANAd=1i 1% [vi) uia

(33d4SdAX) /7 (TV) ITd= (TH) IGd

28 1=In 21 CU

sdaX/adc=4zd

SnNTINOD
(Sg4I1*IN*Z)Ic#(Sdal s Inlludalisdal ddatice Ll ac= (L4 Ta) wid

_ (SA3T¢Th* T idw{SUZIIAc+ L T1¢Tn)%bd=iT*TA) aDd

(SAAI)3d% (ST * T ) Cid+ (T) IAd={TW) ICY

¢e1=Tm Gl W

. {Sd31)3d+33d=33d
IWSdEN®Z=Sdil UT 0O

LiSEING

626218 lSdIINS2IrAds(SHIINIII+ (1922 )d#(182)rGaxt1)3d)=G*=12¢2)Nnd
(13d44NT

$1¢2 )08t SAIUINSTINCE(SDEINIZaH I [¢ 12 el T¢T Il aal%s®=1c% () g
(ISHIALINSZO 1) d=2(SdIINI 3+ T*¢*Tlaxti)salwa*={1%Z)%>d
((SAZLN*TST)d%(SAIIN) Zg+( Lo LT )dell)dchwy®=l1* () akd

( (SAILN) Idx(SdIIN® 2) PO+ (T) (T4 Z) MGd) 4G *=( 2) 14d

( (SI3IN) Ad#(SIIINS TICAd+(T) A% (T TN TS )#S*=/T) I0d

{{SGJLIN) Sd+ (T )3d) #S*=23d

Inbddv=5caX

» b [-Sd3iIN=TWSJIN
(Z)1084 1624217 Ad*33d* (GZZIMNS{SZ)Id* (0T IZI/71803I/NORKGD

GOAND* GOaMNS* (G2 14094%d* (521 3GO9NG/ UCEANN/NOAWOD
HAGZLOONNS NOWWOD

(G%2)15auDISt (G22I INILDIS*(ZIDISWIL/ATDIS/ZHONNOD
(2ZIVIMAG* GULUAd u410Hd* RGN T
(2¢2)0Ud%QZAd* UCd*Yaiid/ NODNN/ NOWWOD
dOIUSI*(EL9ZIZd  LeLe€42)de EL)IC® LELIUD/VILaL/NCANGD
(5292491141020 4% (SZI3UVMVI*IGZITIVASLISNNT
${ELINUISE3*SASINS (ZLICIX AINSNNYN/ LLNGN T Z/NOWNDD
{€L)Sd3DDa (G2 ELIND3IDII*INd*ONd ¢ I/ TVIOAI/NOWWO D
Xvwille

SEXVALS YNNG IS L1 51¢SdIN/DIXS/NOWADD

ANIENA* LHE/TLHI/NCAWUD

GNODNA 3NILNoYENS

€Z9nsS Jid8ls

- 35 -




L X v m B She N T Sy -J

-

¥

[

-3(--

Uha
~ Ndnlus

’ J JNNILNGS <L
’ (33de (TN) IQC#SAEXI /(2T AND=(2* TN} Xad




UNGLASS IFIED

Security Clasrificalion

DOCUMENT CONTROL DATA-R&D

(Security clasailication ol (1ile, hody of absittac § uod Jende cing armotatioge must be catered when the nvetall feport In clannitied)
1. ORIGINATING ACTIVITY (Cotporate author) 28 RLVONT SECURITY CLASYUPFICATION
eputy for Dvelopment Planning (ASBEE=10) UNCLASSIFIED
Aeronautical Systems Division . | GROUP
Wright-Patterson, AFR, Ohio L5L33 N/A

3. REPOAT TITLE

| Air-to-Air Combat Model Description & Development General Infermation

4. OESCHIPTIVE NOTES (Type of report and Inclusiva dates)

Progress Report (Oct 66-Nov 67)

I8 avTnNoO R (Firat name, middle Initlal, las! nams)

Terrell J. Harris, Barton J. Jacobs, Walter J. Strauss

L
3. REPORT OATE

November 1967

74, TCTAL RO, OF PAGES

227

?b, NO. OF AEKFS
None

48, CONTRACT OR GRANT NO.
F-33-(615)- 3707
b FROJREET RO

[ €.

d.

4. ORIGINATOR'F REFPORT NUMBERIS)

CSA Heport 67-101 Vol I, Vol II
CSA Report 67-102

8b. OTNER REPOAT NOLS (Any other cumbers tha! mey be sssigned
this report)

/)éélkmt . :-1.4_' !

10. OISTRIBUTION STATEMENT I{
Munber 1: Distribution of this docurent is unlimited, m"mu,o“‘”oﬁ"{cg"&m_n-
it my be released to the Clearinthouse, Department of Management Operations Division

SUPPLEMENTARY ROTES

- Pgrmerce, for sale to the general public.

See Also: Air-to-air Combat iodel Progrem
& Appendices Technical Details.

12. SPONBORIRG MILITART ACTIVITT

Cost=Ef fectiveress Branch (ASBEE-10)
Operations Research Section

Deputy for Develommnt Planning

13. ABITRACLT

ATAC=2 is a simulation rocdel designed to help evaluate fighters in air-to-air
combat, The model treats the one vs. one dogficht which arises from a random search
‘siutation. Both aircraft in the combat are {usually) agmressive. The two principal
outputs from the model are the probability a given aircraft is killed in ths fight
ana the expected numbcr of enomy aircraft an aircraft kills over its useful life.
Ccmbat is restricted to a fixed altitude, The maneuvcrs are dynamic in that each
aircraft responds tc the situation at each morent in a duel deperding on the
information it has about an opponent's activities. (U)

Tnprts include, for each aircraft, search and tracking radar characteristics,
passive radar sensors, optical capability, IFF, energv-maneuveradility dats, weapon
loadings, weapon caaracterisiic:, and weapon kill probabiliiies, (U)

The rationale for the model specifics are presented. Flow charts and program
listings are included. ‘he model has been run repeatedly on an IBM 7094. (U)

:

e =

DD 2V..1473

' NOV 80

UNCLASSIFILD
Secusity Classification




